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ABSTRACT 

PROBLEM TO BE SOLVED: To control voltage amplitude of an output, 

independently of a reference potential by controlling switches with the 

respective bits of (n)-bit digital data, controlling the charging and 

discharging of electric charges to capacitors connected to the respective 

switches, and outputting an analog signal based upon an offset voltage as 

the reference potential. 

SOLUTION: A power source VH, a power source VL, an offset power source VB, 
and a power source VA are connected to a DAC. When VH) VL and when VH(VL, an 
analog signal which is opposite in phase is outputted to an output Vout. 
Switches SWO to SWn-1 are connected to the power source VL, when input 
digital data DO to Dn-1 are 0 (Lo) and to the power source VH, when the 
input digital data are 1 (Hi). A reset switch Resl controls the charging of 
electric charges from the VB to capacitors (C,..., 2n-m-lC), corresponding 
to the higher-order (n-m) bits a reset switch Res2 controls are charging of 
electric charges from the VA to capacitors (C,..., 2m-lC) corresponding to 
the lower-order (m) bits. 
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(54) [3iiw©«»] Yi/A^mf&^iinTif'r'tzr-^h^y^TM^mt 



(57) 

[Mil] ffl;'7«£ESi|SVoutiS*P«<i<t^$fiSrLT 

lie) ^7i-a^mmz^i^t^DyAmi^^^i^&ry 




(2) 



HdiHn Vai'rV^ )\''T—5' <ri^\iv htt. :^'f -y^ 

^ 7:?- □ i'ft^ (C'^^-r ^ D / A'^j^lHlgST* o T, 
^k*>y htrMJtNLfcHtffHnlHOT.'r-y^tt. HtrtEnjliO 

im^m3] n h:*>y h^-J^ (Dy^SLm^dy h 
(nt5J:0tm«g^^, m<n) W^tl^'no t*-y h;^»i 

±<4 (n-m) tf-y KW^n-etlCDtf-y h*?$ijffllf 
-y^^i:. 

<>y5"<;)'en^'n{cg^MsnAc§a-e*-pT, -en^'n 

mrfEi^i (n-m) b'-y hO^tl^'n® t'>y h^^SPT 

sx-r •y5^K>^en^'ntcgig^$ti;t^«TafeoT. 

;^-yyU>^y^»i, 
2-s>©'J-fe-y hX'f y^h. 

i^-r -2. D / A^j^HISST'* T. 
2 0©«M43J;yC:t7-fe-y h«l!S*^SS^$tlT*5 0 . 
HtrfEX-r •y^tt2-3(D«2g.(Dp*.Vi-rn/5^— ^S1WL> 
gfFta2-3C9U-fe-y hX-r -y^ti^ MfE^«'^CD«#©3fe 

StlfEn k'<y h(D5='viS';UfT':t-x-iS'®±<a (n-m) 
t*-y h(D^tt<D*)lSEMi«3*'»^.SflfE:t7-t-y httilgWfl: 
^ ^ t L T ± P i^ffi-^ til :^ $ tl -5 D / A 

[W*3S4] n f y h7^>':^;i/5^-iS'OT<amt*>y h 
(niJcfct/^mUg^^. m<n) tmmt^T^'dv h 
mmX'h-DX. #f-y h75i«iJW-r^X-1'-y^, io^XS 

MiEx-f •yf'tcgsM^nfc^fflTfeoT. ^n^'nmfi!: 

n e-y h7^v^JU5=-^'C0±<4 (n-m) t*-y H;<|i$iJ^ 



MffSTffit'-y MHlgSg|5tBflfE±ef-y hlfllg&gpt ^glgg 
•r-5HflfE#i4#MT';^d:^:^7 'yyu >^?'^*<t, 
20®U-ir-y SX-f -y^^i. 
^ ^ D / A ^j^lElg&T o T . 
2-p©«jlI43J:0:^>'-tr-y VnMti^X:h-^nxi6'0 . 

tt, SiIfE^7-tr-y h«j!^75^A:'3$nT*3i9. 
BtrfETfiCtf-y MllgSg|5(D^n^'n®Mfax-< -y^^tt. 
f-y htf$g(cd;0mIfH2o<Dfl:!!S<7)5-^V^-rn*^-?r® 

*?L. ^n-t'tirotfjiEx-r -y^^tiSiitstifc^*®*?^ 

mi±&\dy hlHlgSg|5CD^n^'tlC0MfEX-f -yg^tt, # 
ti-y htt$afc<J:OHfJtE2oo«2!S(D5-fc.V^-rn75^-^® 
^L. ^n^'ncO^IEX-r -y5"t'MM$n;5:^»©«^^ 

WfB±^4t*-y hll|gSgP(Dtfrfa*jlitigc«75^^S3fE:t7-lr 

n-sD/A^^ifliss. 

[|t*]S5] n t'>y hxv?3';Px-iS'CDTtemt:-y h 
(n*5J;CJCm«g^^. m<n) TSt^iJPf ^Tfi^b'-y h 

n k'-y hxv^;i/5^-i5'©±{4 (n-m) t*-y hTi^fflS? 

1- ^±fi:t:-y h[plS§g|5TfeoT. =&b--y h;5^$!l13|T^X 
-f-y^^, *3J:t/SfllEX-r-y5^{Cg^S^$nfc^aTabo 

T. ^n-enmifEWi^ftc® 2n-in-i{g-eg^§^^ 

W-r«.±^if-y hlUg&glia:, 

Ht|faTfiCb*-y h[51g&g|5imjfa±firb-y HHlS&g|5t S-gES^ 
•r-SHirfS*te§MC-e:^ct^;^-yyu >;?'^a<h, 
2C)(7DU-fe>y hX-r -y^i, 
^Wr«>D/A^^[HlS&-e^:3T. 

2- :?CDfl:MVHi3cfct;^VL?Se>LI^"iC^7-t-y httiUVe^^ 

(6a) , ^iC (6 b) , ^it (7) , :io^ZS^^ 

(8) T^^n^D/AS^lHlgS. 

[|»*]S6] n b'y h©7^v'^';i/5^-:i7 (nttg^^) 
5: T:*- P iC^ilT?) D/ ASmiDS&^WT-S 7 i7 

T-'f :/V h U i7XM^S^SST-*oT, 
HtrlEn b-y hO^'v'^Jl/x— 5'(7)#b'-y X-f -y^^ 
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(3) 



[tmm 8 ] n f h 5' (DT&m f h 

(ni3J:UCm«S^?^. m<n) W^n^'ncDf-^ I-t!)^ 

±-(4 (n-m) f-;/ hO^n^'tirat'-v h/Oi^iJp-r^X 

flfrfa±fiC (n-m) b* -7 h O^n^-'n© f -y h T^^SiJtWT 
■^^n^^i^a « 2 n-m- 1 fST * ^* i , 

2-c)(;DttiS*5J:yt^7-t:-;/ SWjUiO^gE^^FnTfcO . 
HfrfEXl- •>^tt2-S>®«ilg(7)5-6.V^-rn*^-S:g^L, 
Mfa 2 U -fe h X-f -;/ Hilie^ft^Wtt^W^ 

Mtan t*-y h©-x>'^;HfT':^7='— ^0±^S: (n-m) 

[tS*]S9] n b'-y hxviJ'^UT^-^S'cDTfiCmb'-v h 
(ncteJ:t/mttg^|gc. m<n) ;^t^JP-r^T{4b-:/ h- 

n b-;/ hx>?iS';U5^-^'CD±fir (n-m) \±v Vt^Vm 
T-Siteb-;/ hlplSSg|5T$)oT« #by hi^J^SiJIfrsX 
-iv^. i3=tO:*iFfHX1'';/^{Cg|iB^^nfc^fiTfeo 

T, ^•n-£-'nmfit#ao2n-'>'-i{gTi&^^tt^WT'5 

±^b>7 l-lHlSSgPi. 

BtltHTfirb-;/ h[5|SSepitfitB±ffib-y hlilSSgPch^^l^ 
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2-:3(7)'J-tr>y hX-r y^t. 

2OC0mjli*3ct0C:t:7-ir-y hWm-ifiXli-^fvziiV) . 
mrtE2o©U-lr-y hX-f tfrKT^b-;/ hlilE&g|5 

BfrtST^4b-7 MlgSgp®^ta^:'noflfrffEX-f -y^^-tt, 6- 

b-y ht»$gtcj:Difrta2o«)fl;M©5-fev^-rn*>-<£S 

^L, ^n^'n<7)MfHX^-y5^fC^^^nfc^«0«^^ 

mlfHife b-y hlH]g&gP®-?-tl^'tlcDHfrtHX'f •y^'tt, # 
b-y Htt$BH J; (3 Stria 2 :3<73«J!g© 5 V^-m*^— 
S?L. -^tl^'ncomffaxi- -y5^t'»ig3nfc§»0«1^ 

BfrfE±fe b -y h lugssR® Hfria^ii^ii^iig*^ ^mt^^y^L 
n^T>/ A^^m^^-^t^y^j-^ -/-^ V o^xmrn 

10] n b-y hxv^;U7^-5'(DT<4mb>y h 
(n*5j;0:m«g^^. m<n) *t$iJ'^-rsT<ib-y h 
[HlS&SPTS^T. #b-y h75t$iJfflI-r«>X<>y?^, 

^«C<D2ni-l^Teg.«.«S:*T^Ti4b-y h[118&^ 

nb-y h7'>'^;i/5^-^0±{4 (n-m) \dy h-^mm 

■r^±<4b-y hiussgPTa&oT, #b<y h*^fflp-r^x 

<-y5^. i3J;iC/SflfEX-l'-y5"tSgt$tlfc^»T-*o 
T. ^n-?-'tl*(rfE¥^^«C®2n-m-l{gTS^Wtt^ 

WIETte b-y h[H]S&gP<hmrfE±& b-y hlHli^gPiSSEig^ 

20<DU-tr-y hX-f -y^i, ^^-r^D/A^^|Hlg&^ 

2-Q(D«z!gVH*3=fct)^VL;^j:e.O:tC:tX-fe-y h«i!iVB7&^ 

MfE±fe b-y hm^3(D^n'etio)^m(D^mmf(m\z 
mm^mmm.t^A^iitiit}^n^tiif}m.f£v out^t, ©est 

(6 a) , igCiC (6b) , SSCiC (7) . iScfct/fCi!: 
(8) T'^^tl-SD/A^l^lllB&^&^-r ?>Ti'5^-i' 
HU^'X^S^SBo 

[0 0 0 1] 

i')\^/7-rn{fmm ESS (DAC) tcM-r^o iRftc, 

Ti7xf h U i^xS^l^aEt^^gOcoKWjlfil^tcfflue. 
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(4) 
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[0 0 0 2] 

mi$.Ltz^m^mm. mximmhyyz^x^ (tf 

[0 0 0 3] Ti7 7"f yvhUi'T.SJg^S^gStt, 

fc:^n^'niii^TFT/0«K$n, «-H^TFT(CgEM 

^ > ytStgtr ck 0 ^JP-r ^ ©Tab ^ o 
[0 0 0 4] ^(D^-Vh. S^SBOi^ffiWt. i^iiiK 

[0 0 0 5] 

[%Bj;o^«?*b«t 5 ii-r^na] 

[0 0 0 6] 5^>?5';HKt()::^it®Ti'5^^:/vh>ji7X 

^^lagS (DAC) d^*£5>ST-$.^, D/A^^ESStc 

h u i7 XM^^S^SB tcffl I. i e nx ^ DAC© 

[0 0 0 7] 0 2 5 5r#RgT-g)o 0 2 5{C«, tie5l5©D 
AC«— ««J*J^$tlT^^^„ 0 2 5{C^-rt<e*©DAC 
tt. n t*-y h(Dx>'^;U-r-^ (Do~Dn-i) CD^tf-y 
h;^^*StJP'^^nfflcD7.-f -y^ (SWo~SWn-i) i> ^ 

x-r-y^^- (swo~swn-i) \zMm.^nfz.^m (C. 2 

C, • • 2n-lc) hX-r -y-?^ (Re 

s) t^WUTVi^. ;i©fie*®DACtC«, « 

[0 0 0 8] 7,<y5^ (SWo~SWn-i) ^n^' 
n. A:;'j^?n^7^v^'Jl'X-^' (Do~Dn-i) ©^fJcST 
Co =C-(Do+2Di+4^+ ■• + 2"' 

Ci =c-(Do + 2i:ii+41Jj+--+2"' 



^f-7h75^o (Lo) cm. nmy \}zMtm.^t\.. mus. 

r^f-vK7)n (Hi) CDPt, «J!SVH{cS^i(g^$n^J; 

[0 0 0 9] 3:©^Je*ODAC®il)f^^Jli$rii-:5Tm?« 
T^. C©|ie5l5<DDACCD«lf^«. U-fe-v hMFe^TRt 

[00 10] ^-r, U-fe>7 hSBPB^TR^J. U-ir-;/ Sy?,-f 
•;/^R e s d^Hi;, ^^Oxi^^-'l'X— rS'©^ t*-v h (D 
0~Dn-i) :*^0 (Lo) t.tS.'O . ^T©X-f-yf^ (SW 
0~SWn-i) ^^«MVLl::SEiBt$n^o c:0*^^(c*3tt 
;iOfie*ODAC©^ffi[iIS&^0 2 6 (A) 

To 

[0 0 11] U-fe-;/ hfflFBlTR«*7fS. 5^v'iS' JI/t^-^' 
®^b'>> h (Do~Dn-l) If'^ (Lo) 0 

2 6 (A) (r5^-rft?^w*CL{^#^e.n^«#®??]»i 

fflQLOtt. TfSW^it (19) (Dmz.fi^. 
[0 0 12] 
[^1] 

G2 = Ci,(V'L-Vc) "(19) 

[0 0 13] U-tr-y hffiFflTR*l7f^« 

5'-i5' (Do~Dn-i) X-T-y?^ (SWo~SWn-i) 
$r$iJP-r^. ^LT> =&t:*-;/ h«?S{CJfsL:;fc«lt;5t56Si[ 

2 6 (B) tC^To ;i®B?F. -&fiR^«Co. Ci. ClJ' 

m?.^t\^mMQ^. Qi, ql«. Ttaw^xfc (20 

a) ~ (2 0 c) 0^gtC/J:S„ 
[0 0 14] 

a=c,(y„-v^) -(20^ 
G. = c,-(y^-v«) -(200) 



[0 0 15] d 
[0 0 16] 
[^3] 



••(21a) 
••(21b) 



[0 0 17] T'a&^CDT, Voutf-^^t-Sffi^^W^i^fe 

[0 0 18] 
[?gC4] 

G^^a-a-a ••(23) 

[0 0 19] if^^v^tL^^ tii;'jVout«TfS??Cj!E: (2 
4) OHlJcfd:^. 



[0 0 2 0] 
[icS] 

(2' -l -c 



(24) 



[0 0 2 1] fc:;t*L. 
[0 0 2 2] 
[SSC6] 



t 



(5) 
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[0 0 2 3] -e$)-5<. att!±i:^jVout<^^^«ffiS*St 
A:'3«l±t6*i (Vh-Vl) tCDJt (*BJ*ffl»T«ltl±E 
i^^tck^O Tfe-So 02 6 (C) tCS^f^StC. m-hY 
out«5^>^:5';i/5^-^'CDT h*UX (0~2n-l) (cML 
Ti^J^M^fCa&.&Ci:;*^^)*^'!). (2 4) 

=tO, tiJ:']Vout«VHi:VLi:®Slrfe#L. t^^-DVi^ 

[0 0 2 4] :^\Z, m<Dtt^(DD AC (Dm^m 2 7 
•to 02 7<7)^ie*WDAC«, n t*-7 
^ (Do~Dn-i) ®«-h'>y h;^^$iJP-r-5.nflicDX'f -^^^ 
(SWo~SWn-i) #X-r-;/^ (SWo~SWn-i) 

(C. 2C, • • 2in-lC. C. 
2C. • • 2n-ni-lC) 2 "C?© U -fe-y hX-f 
(R e s l^Dcfct^'R e s 2) tJ-yZfUy^if^Mt^ 



[0 0 2 5] Sfc, 112 8 {CSiJ®f^*(DDACCD^J^^ 
r. 0 2 8®^^£^|5(7)DACtt, n f y HOt^vJ^J-JI/t^- 
r?- (Do~Dn-i) (D^if-yhtimmt^nm<DX-(-y^ 

(SWo~SWn-i) ^SX-r^y?" (SWo~SWn-i) 

i,zmm.-^nrz^m (c, 2c. • • 2m-ic. c. 

2c, • • 2n-in-lc) ii, 2 Uir >y hX-f -y 
5=- (R e s 1*5J;D^'R e s 2) i^^LTV^^. Sfe. @ 
2 8©fie*<DDAC{;:«Tfi[b:'-y hi'JOIllgSlc^MCdi 

[0 0 2 6] 02 7<DSe3l5WDAC*5J:tK02 8 
©DACCOV^-rtltCiiViTfc, X-r^y^ (SWo~SW 
n-i) ^n^'tl. A:^$tl-5x>'i5';i.5='-iS' (Do~ 
D„-i) ;5S0 (Lo) azUVLtCftgg^n, Atly" 

'y^yV'r—^ifil (Hi) cDffif, ffijSVH(CS^S^$nS 

[0 0 2 7] 02 7CDSe5t50DAC©tti;'3Vout«^ T 
IHW^it (2 6) <r>^o\zu^. 
[0 0 2 8] 
[ic7] 



•(26) 



[0 0 2 9] S/c. 0 2 8<D^*e*©DACCDtB;'jVout 
TfH®?§!ciS: (2 7) 0J;5{cfd:^„ 

[0 0 3 1] ;i:iT, Ci«±fH<D^it (2 1b) i:|5l 

[0 0 3 2] 
[^9] 

= ^!r— -(283) 



1 + ^^^ ^ 

2"-l c 
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[0 0 3 3]TS-5o ttAiickO^aBfSi^f-WJEEJiii®^ 
TS^o ^m?)COfie5feCDDAC«'43ViTfc. 02 6 

(C) {C^-rfie5feODAC<!:I^fil> aj:'3 Vout^^xv^ 
JP-r— ^J'WT KUX (0~2n-l) (C^fLTlgJKM^ 
(c*^;ii;0?t)75^oTV>^o ^it (2 6) *5J; 

(2 7) =kO> m;'3Vout«VHi:VL<»:OII('fei¥ 

7.\zn\^xmMmzm\Lt^<^x. m^'jVout^WBES 

[0 0 3 4] 

[isli ^fl?^-r s «> « ^S] 



[0 0 3 0] 
[^8] 
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[0 0 3 5] ^CIT. *^0^«. ±aicDP>giil::^i'f-T>^j: 
<&ffi5i LT$fJ}fll-r ^ Z. iiffiX^^ D A C SrSetr-g) d t. 

\zh^. urf\z:^mmi:>Ac\z-D\^^xmmt^o 

[0 0 3 6] i?.mm\Z^^t.. n tf-y hCOT'v^Jl/T'— 

^ (ntts^^) ^7^u^mn\zM^t^Yi/A^m 

Ii]SS-e$>oT. Wtan f-y hCD-xv'^Jl'^^— iS'WS-b'-y 
htt, X-r-y^^^JPL, tfrfSX^-y^^tcSEii^^nrc^ 

[0 0 3 7] *^BJ(xJ;^t, n tr-y 

x-^ (ntts^^) ^n-ai/mmzmm-r^DXA 

S^dlSST^) :3 WiEn f-y h©x>?^;i/7^— ^CD# 
k*-y hizMlt^Lrcnm<DX-r -y 5^*3 0:0^0 jScD^aiSr* 

SfrlEnffiOX-f ■y^W^n^'ntc^gg^tl/tltllB^a'N 

/Amt^m^f}imm-^n^. 

[0 0 3 8] *^BJ(rJ;^<i:, n If -y hxv'^Jl'X— ^ 



(n-m) t'-^- hw^n^'tiwe-;/ 

Mi, tfrE±fir (n-m) t*-y hW^-n^'tlOk*-;/ hTi? 
T, ^ti^n»{4^»<^)2n-iii-l^Tab-S>§a<i:. 

^'JUex^^^-^CDife (n-m) f-y hCD^»®^^il 

So 

[0 0 3 9] *5!ia}Cj;S<»:, x-^CDT-lim f>y h 
(n*iJ;tKm«g^^. m<n) dt$iJtfll-rsTtetf<y h 

ii. n k'-y h5^v^';i/x-3'C0±ffi (n-m) h'-y h;*^ 
$ijp-rs±{4e-y hlE]g&^T-SoT, =&t'>y h;!)^fiJj»T 
■SX-f-y^. *5J;t^'Sfrfax-f >y5^i'g^l^$nfc^*-C$> 

Si-lie-y MBlSSgPi. MIETfe f-y h[5]S&ei5iBfIfe± 

/A^j^mSSTSoT, 2-:P©«Sg*3j;0^:t7-t-y h« 
M75^A;'3$tlT43 0. SfrtS2 0CDiJ-fe-y hX-f -y^^tt. 

mrfH=i-7-fe>y hSjli*^A;'7$nT*5 0> HtlfHT^it: 
•y hlHlie&gPO^tl^'nwMIEX'f -y^«. =&k*>y MtfB 

^'ncDHtHEx-f -y5"{cS5i^$nit§«wfn^«5teSicn<& 

urn L , MfH±fi tf >y h til!^SP©^n^'n®itIfSX -I- -y 
^t*>y h+t?B{Cj;l9^fa2-p(Z)fl:®(7)-5-^Vi-m 
^tl^'tlcDtfirex-f -y^^tSEii^^n^cW 

re*a^igyis*^^,*fria:t7-k-y i>«iis®«^^s2p«te 

[0 0 4 0] 



(6) 4#FjI¥12-341125 

[0 0 4 1] 2js:^BJ0)DACCD|Hlg&HSrg| 1 fC^T, 0 
1 {C^-r2|s:^BJCDDACtt. nb*-yh (Do~D„-i) CO 
'f-J'5')Vy'-'^^^0Z.t.ffiX^^, fjiii, Dq^tLS 
Bib, Dn-l^MS BiT-g)o STc, nh'-yhO^^v 
iS'Jl/x-^^, Tfitmk*<yh (Do~Dn,-i) t±<4 (n 
-m) f-yh (Dm-Dn-i) tiZ^mi-Xn^^. 

[0 0 4 2] mHZ^tmz^^m<^DACit. nf-y 
(Do~Dn-i) ©#t*-y h^^SiJPf 
Sn<acDX-f -y5^ (SWo~SWn-i) S-X-f-y^ 

(swo~swn-i) izmm-^tifz^m (c. 2c. • • 

2ni-lC, C, 2C, • • 2n-i>i-lC) i. 20 
OU-fe-y hX-f -y^ (Re s 1*3J;0^R e s 2) t^mh 

-g>„ Sfc, *%B^(DDACtt, T^4mb'-y HtC^Jtv-rs 
lH]S&BI5i:±e (n-m) t; >y H (r^tJtx-T^Iili^gPi:^^ 

tr, Ttemh'-y hiznits-r^mm^<D^n'eti(Dmm<D 

-SffiH. i^jiSMSiAioTV^S, ifc, ±S (n- 

m) f-y hii^iJ;-rsiHi?&gp®^n^*n®#»(7)— )^ 

[0 0 4 3] *%0JCODAC}'«, «)!SVh, 'BMVl. 
VH>VL<7)«^t, VH<VLC7)«^i:T«, tB^'lVout 

tcttJieffi(DT:^pi^«^75^*ffi;/J$tl■^.o fiii. ^:ix 

[0 0 4 4] X<-y5^ (SWo~SWn-i) tt> ^tl"^ 
n, A:'3$nSxv^;|/7'-^ (Do~Dn-i) tJ^O (L 

o) (Dm. mmyozmm^ti. x-n'f~^^)\/7'-^if' 
1 (H i ) (on. mMy^^\zw^^t\^^o\zfs.-ox\^ 

•So U-fe-y hX-f -y^^Re s Itt. ±14 (n-m) t*-y 
hfC^ff^tx-rS^a (C, 2C, • • •> 2n-m-lc) ^ 

hx-r -y^^R e s 2«, Ti4mk*-y ^^c^^^r^•r-5^» 

(C. 2C. • • 2m-lC) '\®VA*^e>®«<^C955 
[0 0 4 5] ;^£43, U-fe-y hX-l" -y5^R e s 2©— SffiSr 

[0 0 4 6] ^^(C, *^9^©DACOttf^i^r«S^iioT 
UiBJ-r-So *%e^CODAC®l()f^«. U-fr-y H^FbITr 
t X- 3^ A:'] KB W T E i {;: TittHJ ^ n-5 o 

[0 0 4 7] i-r, U-b>y hffi^TR4', 'J-tr-yhX'f 
•y^^R e s l*3J:y^R e s 7i'>':3x>7^';l'X— ^' 

0±f-yh (Do~Dn-i) *^0 (Lo) ii^cO, ±TCO 
X-r-y^ (SWo~SWn-i) J5^«!lSVLtcS?ig^$nS, 



(7) 
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Z.(DVimzi3t,f^. 0 1 {C^-r*:3^0J©DACO^iffi[ll 
^^m2 (A) \Zmt. 

[0 0 4 8] U-fey h^Pa^TR^Tifi^. m2 (A) \Z 
S^-r6-^fig#«Co. Ci, C2> C3. CLfcS^e 

n^mmommmQo^. qiO. Q2^^ Qs''^ q''. Ql" 

TIE^fcifc (la) ~ (1 f) (Dmiztj.^. 
[0 0 4 9] 
[?gCl 0] 

G?=(2-'-l)c.(V,-V,) 



G2 = c^(V«-Vo) 



"(la) 

••(lb) 
••(Ic) 
••(Id) 
••(le) 

••(If) 



[0 0 5 0] X'$>^o U-fe>y hWPe^TRMT^, ^-^ 

(Do~Dn-i) X-r-v5" (SWo~ 
SWn-i) ^$iJPL, =&t:-y h«|gtCJtxi;fc«^^;&t3fe;SJc 

4Co. Ci, C2> C3. C, CLiC^^6n^«#Qo. 
Qb Q2- Q3- Q> Ql'*^ TfSC^iC (2 a) ~ (2 
f) Ofil{Cfj:-2>. 

[0 0 5 1] 

mil] 



a=c,.(v„-v„) 

eL=Ci-(Ku.-Va) 



[0 0 5 2] f£i$. 
[0 0 5 3] 



[1^1 2] 



ci = c • (Do + 2D, + + ■ . + 2"-' D„_, ) 



+ 2 



a— ffl— 1 ■ 



+...+2"— 'D..,) 

[0 0 5 5] 
[3?C1 3] 



<2a) 
•(2b) 
•(2c) 
•(2d) 
•(2e) 
•(2f) 



Ci=e(D„+2D„^,+4D, 
<3=c(D„+2D„^,+4D,^2 

[0 0 5 4] T^S. dZlT. 02 (B) tCiJtt^Jl^'r 

IHScit (4 a) cfecfcO^ (4 b) /J^fiK 0 Stt?. 

+Oi=-e?-j^-G°+G° 

[0 0 5 6];iC-r, (4 a) *3j;ac (4 b) (1 [0 0 5 7] 

a) ~ (1 f ) ii^yj (2 a) ~ (2 f ) Srf^ALV [fcl4] 
out'-'^''^Ta?< TfElgciC (5) t::^f«(c^c^<, 

{co+2"-c,-(2"-l)c}v^ + (c.+2"c3)V„ 

(2»-l).e + 2"c^ 



•(3a) 
•(3b) 
•(3c) 
•(3d) 



"(4a) 
--(4b) 



•(5) 



[0 0 5 8] CdT, 
[0 0 5 9] 



mi 5] 



(8) 
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Co+c,=c(l + 2 + 4 + " +2''-') = (2"-l)tr 
Ca+Cj=c-(l + 2 + 4+"+2"-"-') = (2"-"-l)-c 



•(6a) 
•(6b) 



[0 0 6 0] Ta&-2)<D-e. 

[0 0 6 1] 



Co + c, + 2" . (ci + = (2" - 1) • c 



[0 0 6 2] tT^cO. fCiC (5) tC. (6a). (6 
b) *5J:yt (7) ^RAt^:Lt\Zj::-DX~ftmiZ 
(8) d^ff^nSo 



[??C1 6] 



[0 0 6 3] 
[|!C1 7] 



(7) 



(8) 



[0 0 6 4] fcfe'L, 
[0 0 6 5] 

mi 8] 



•(9) 



1 + -T — 

2"-l e 



[0 0 6 6] Tfe-S, attttllilii^^Tfe*, J;oT, 
^it (8) Vout«VAtC^fe#L;^j:tiCi:*t^:,;0^ 

^. (8) tCckO, JSEtttCVout. 
t'x^^-x-iS'OT Fl^X^i:orci7'^-7S:gl2 (C) \Z 
S^To 112 (C) t;i*-r«tC. dif)V o^i\t7'i>^)]/7' 

-^(DTY^ux (o~2n-i) izMLxmmmmz& 
[0 0 6 7] uis. :i^^m(Dmmzm^^^n^mmiz 

[0 0 6 8] lH:r\Z. 2^5!0jODACCD|g]ffiflJtC-:?ViT 

[0 0 6 9] mmm d ms ^^mr^. m 3 \z\t. 

[0 0 7 0] 0 3 (C^T^SI]!(g0iJ©DAC«. 8 t'-y h 
(Do (LSB) ~D7 (MSB) ) v^')l'X-^' ?r 

h (Do~D3) t±&4\^yh (04-07) HZ^^V 



[0 0 7 I] m3iZ^Tmz:$.mmmcODACJft. 8lf 
hOxv^';l'X-;S' (OQ-Oy) o:)^}::y h^mmt 
^Bm<D7.-i (SWo^SWy) &X-f -y^" (S 
Wo~SW7) tcSMSnyt^a (C. 2C, 4C. 8 
C. C. 2C. 4C. 8C) 2t3®U-t:-;/ hX-f 
^ (R e s l^DctZ^R e s 2) irSr^LTV^^o Sfc. * 

mmM(^DAC\t. T&4iiy b\znjiB-t^m^^t± 

[0 0 7 2] 2|s:5lffi^JC90AC{'«. «ilSVH, 32^. 

[0 0 7 3] ;^-f>^5^ (SWo~SW7) IS, ^tl'^tl. 
Xtl-$n^'f'y^)V7'-^ (Oo~D7) CD=&t'>> h-Ti^O 
(Lo) ®B#. «iliVL(CgES^Sn. A;'3t'>'^57;P7=- 

^©^h'-y hTjn (Hi) (Dm. m.my\{\zmm.^n^ 

(C, 2C, 4C. 8C) ^(DV^ir^Cb<D%M<D^%.^ 

(C> 2C. 4C, 8C) CD— iJ-tr-> hX'T -y^^ 
Res 2!Cjg^t5nTt>-5. 

[0 0 7 4] *|IS6^J©8 t'-y hOACtC*5I.>Ttt> ± 
kEOS 1 ©DACi^lf^TJWcC^o Sl<Z)DACtM 
U-fe-y hX-r -y5^R e s 2©— iS^^ttiliVLir 

*-g)o L*^L. ±a!LfcJ:5tctH:f)«BEVoutt*VAtcte 

^■r D A C i:|ol«lOTibf^ -So 

[0 0 7 5] ^(C. :*:SI]5S«^J<^DAC©»!)f^<£:)lIM^3i-D 
Ti^iBJ-r-S, 2|s:5ISg^J®DAC(Di!)f^ti. 01®DAC 

[0 0 7 6] *-r, U-tr-v hWWTR4"> U-tr-yhX-f 
•y5=-Re s liid;tKRe s 2*t|Bi;, j!)^-D5='>':5';i.h*5='3*- 
x-^O^tf-yl- (Oo~D7) *iO (Lo) ii^O. ± 



(9) 
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•x(D7.^v^ (swo~sw7) ifimmNuz.'^m.-^n 

114 (A) {r3^$n^fcoi|il«T*-s, 

[0 0 7 7] ^-^vvmf^T^mTmk. S4 (a) tc 

S^T^^fiK^MCo. Ci, C2. C3, C, Q\}zm^^ 

n^nM<n^mm.Qif^^^ Qi". Q2'^- Q3^> q°> Ql^ 

TfB»^^ (10 a) 
[0 0 7 8] 
[SCI 9] 

e<' = c.(vi-v;,) 



[0 0 7 9] ;^j:*3. 
[0 0 8 0] 
[1^2 0] 



(1 0 f ) nrnz-fs.^. 



•dOa) 

•dOb) 
-dOc) 

•ClOd) 
•dOe) 

•dof) 



a=c3(v;,-v^) 

[0 0 8 1] -es^o u-fe-y vmmT^-Tm.Wi. ffiSc 

«)t*-;/ h«fB^Wr^7^v'^;l'X-^ (Do~D7) 
7.^V=J- (SWo~SW7) {C#^Ji&$nX-f -y5^Sr$!lP 



^ (1 1 a) ~ 
[0 0 8 2] 
[??C2 1] 



Co = c- (Do + 2D, +4DJ +8£1^) 
e, = c(Do + 2D, +4Z)!j +8D3) 
Cj = c • + 2^ + 4Dj + 8^ ) 
C3 = c(D4 +2D5 +4Dj +80,) 

[0 0 8 3] T^-5o ^CT. E14 (A) (;i*3tt^*-f [0 0 8 4] 

>hVout*5J;tJJVB,(Ct3ViTtt. a^^O«#»Jcfcl9> T [1^:2 2] 

ffi^SC (13 a) *5<i:t;: (l 3 b) A^^OiZlt?, 

-a-Gs-fi +GL=-G2°-i^-G"+G2 

[0 0 8 5];ic:t, ( 1 3 a) *5J;t/ ( 1 3 b) ic. TSIlc/s-s. 
(1 0 a) ~ (1 0 f ) iiJct; (1 2 a) ~ (1 2 f ) [0 0 8 6] 

^f^AL. Voutf-^^^Tfl?< <hTffil?Scj!C (14) [|gc2 3] 

w {co + 16-C2-255 c}V^ + (c, + 16cj)V„ 



-dla) 
-dlb) 
-die) 

•did) 
-die) 
•dlf) 

Qb Q2« Q3^ Q> Ql«« -hfaoiS: 
( 1 1 f ) ®1$tC7i^, ;5:*3> 



•d2a) 
•d2b) 
•d2c) 
•d2d) 



••d3a) 
•dSb) 



(10) 



4#Fjfl¥l2-341125 



[0 0 8 7] dCT. 
[0 0 8 8] 



[^2 4] 



Co+c, =c(l + 2 + 4+8) = 15c 
C2 + C3 =c-(l + 2 + 4 + 8) = 15c 



[0 0 8 9] T^-ScDT, 
[0 0 9 0] 



m2 5] 



Cg + Cj +16(c2+C3) = 255-c 



•ClSa) 
•(15b) 



•(16) 



[0 0 9 1] t^^CO, I2!CSC (1 4) tC, (15a), [0 0 9 2] 

(15 b) *3J;tX (1 6) ^&fliA-r-5>c:ttCJ;oTTtB lWc2 6] 

|g(it (17) ;)t#5n^o 



«, = V.^^^^^-a(y„-V,) •••(17) 



[0 0 9 3] 
[0 0 9 4] 

[|gC2 7] 

[0 0 9 5] Tib«.o <fc-3T. ^it (17) tb:'] 
Voutttxv^-'l'X-iJ'WTHUT. (0-28-1) \zM 

h®xv:J';i'k*-7^:tx-^^&5WT, 2 5 6a0© 
Vout'S^W^tT-So d'T, ^ilC (17) (C*3UT, # 

A° 7 ;< - iS' ^ '^^k $ -fryiBf 0 t±i V ou t - ^ 
37(7)7 h*l/7:oi/^7 2rB12 9 iCS^To 
[0 0 9 6] ai:fjVouttSVHi:VL<i:©li}rJ;oT-?-® 

[0 0 9 7] (IIS6^J2) ^IIM^JtCiJ^iTW, ±a!CD 
ll]5£f!SJ 1 ©DAC$>. 7i7T-'i':/VhUi7XS?«a^^ 

[0 0 9 8] B5«, *iiifi«?y«7i7 7^^:/-v h'ji'X 
Mffi^B«5^SSo«t[i&:/p-v^'ll-cs^. 5 0i«v- 
Xfi-^^ffiftlHlgSAT*0. 5 0 2tty-x(t^ii^|gib 
[HlS&BTa&-5o 5 0 3 tty- h«^«8iK«|[HlgST35-5. 
5 0 4«7^5^-i':/V h'Ji'XlHlgST-fe^o 5 0 5«x 
>'iS';i/tfx:t5^-37 5J-fiJ|D8S (SPC ; Serial-to-Para 
llel Conversion Circuit) 

[0 0 9 9] V-7.«^effiffi)[Hl?SA 5 0 1 h 
l^vX^'lHlSS (2 4 OXt— i^X 2®->-7 hU-vT.i'lEj 



g&) 5 0 1-1. yy^m^l (9 6 0 X 8xv^;P7 
•y5"leIS&) 5 0 1-2, ^y^m^2 (9 6 0 X85=>' 
^JVyy'f-M^) 50 1-3, ±]y^^\s\^l (240 
<D±Ui7^mm 5 0 1 -4, D/A^m[ilS& (2 4 0 
ODAC) 501-5, -tr^i7^1plg&2 (2 4 0<D-lrl/ 
i^^m^) 5 0 1 - 6 SrWLTl^S, -f-CDte, A'-v^t 

[iis&^i/^;u->:7^'iH]g& (o^-rnt)05^i±-r) SrWbx 

V^^o Sfc, tttB^«{M:t±, DAC 5 0 1 - 5 tCttV'^ 

J!/ -> 7 ms&^i*^-^ snx V ^ ^ „ 
[0 10 0] y-xm-^^KttlHiS&B 5 0 2«, V— X 
ft^^ffiiiliiiisSAs 0 1 <h|sn;itm€r*-r-5. -^C*3, y 
-x^^^^fiiJigiblHis&A 5 0 i«, «^SB©y-x« 

mmmmm^B 5 o 2«, ffl^sswy-xM^iSstrii* 

^ J; 5 (C 7S o T V ^ ^ . 

[0 10 1] uid, ^mmm<D7 r- ^ -i/-^ b 0 ^ 
m^&^mmizis^^xit, HEsiz-f 7'> N©ip^±, 7 

mmmm^^i-ofzit^mf^.ii^izLxhSii'^ 
[0 10 2] sfc, 5 0 3 ay- H(i^«gi^ft[sig&Tab 
0, ->y hl'>'x^'lE]5&, A'-:/7rlHlSS, l/^;i/->7^' 

[0 1 0 3] 7i77^-f h U 37X[Hlg&5 0 4«, 19 

2 0X 1 0 8 0 (i?ixiif) (Dmm^^Lx^-^^o ^mm 
izitmmTFTf}mm^tLx^<o. ^u^TFTCDy— 
xmmz\t^j-xmnmt\ f- vwmz\t.f- vm^ 
m.-hmm^\zWLm.^t\x\^^^. ^tz. ^-h^tftok 
>mmzi,tmmmmAmm.&^iizmm^nx\^^^o =& 
BipgTFTtt, ^mmTFT\zm^mizmm.^nrzmm 

^mmmm\zi^mm^ (mmm&) yim^^n. &mm 
m.mtiimmmt(Dm\zm^nrzm^\zmf^-^^'^ixi^ti 



[0 10 4] Z.Z.X\ :^mmm(D7i7 5'^Zf-^hU!7X 
[0 10 5] S-r, y-X«^«affliJ|gS!jlHlE&A5 0 1<D 

mi^=^m.mt^, z^y hUi^7.^lB\^5 o i - nzi^a 
y^m^ (CK) *5j;DC;^i5'- (SP) ^^A:^ 
hl/v7,^lE]K5 0 1 - 1 Z.tl^(Di/ 
o-y^mn (CK) 43j;t/Xi5'- HA-;VX (SP) fcS 

[0 10 6] i^y hW7.d^m^5 0 l-lfS^ibO^^-i 

[0 10 7] nyyrm^\z^-:)Xnyyr-^tifz-^^ 
5>ym^«. ^^y^m^i (5 0 1-2) iz^f^-^n 

-5, yy^m^^l (5 0 1-2) it. 8 hxv^Jl/ 
t*7^^x— ^ (8bit digital video data) t:i&Mt?> 
^•;/^lHlgS5:9 6 OXt^— ^-y^BS&l 
(5 0 1-2) tfrfS^-f 5>i7'm^;^tA:^)$n-5 

[0 10 8] ^y^M^l (5 0 1- 2) (D±X(DX'r 
- V tC 5 -y ^IISS (C5=^>'3' ;i/ t*7=:t7=- ^ €• 

•r;^*^-^« yy'^mi^l (5 0 1-2) ©tfT— #fe#J 
CD X X— V® ^ -y Classic 5^ V 5^ C0« ^ 

^^f)mtth'^n^m)^^^^. — s*ffl'jco;^7^-vo^ -y 

goings {C ^ b*^:^5^- iS' ^)Ai5(-^i*l7 -r -5 B# 

[0 10 9] l^^>mm(Dmjm. iyyVl^-JT.^U 
gS5 0 1 - l©i!)f^^'^5>yic-&t?-y:T. =>v^^^ 
2 (5 0 1-3) fC^-y^->;y:^-)I/ (Latch Signal) ti^ 

m^-^ti^, ^(Dmm. yy^mi^i (501-2) 
y^m^2 (5 0 1-3) iz—^izmtti-^n. yv^m 

SS2 (5 0 1-3) «±7,5^-'>'C0^-y5^[HlKtC«#jii 

[0 110] xv^';i'k*7':tx-^^^-y5^lHlgS2 (5 
0 1 -3) fCilltHLi^;^fe^-y^lH]Kl (501-2) 
('tt. >'7M^>'X^'[Hl^5 0 1 - l*^6<D^''f 

[0 111] c:®2JiSaoi7'f 
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lH|gS2 (5 0 1-3) tCtf^jASn. «l$$nTliS5^ 
-fel/^^lHlS&l (501-4) 

lC<toTjllMi):Mg?^?n. D/A^j^HSS (DAC) 5 0 
1 -5 t#tiii&$n^. ;^j:*5*^M0iJTrtt> -tUi/^m^ 
1 (5 0 1-4) tC*5l/iTtt> 1 ^O-irU^^liISS;0iV 

- X 4 * t T t ^ ^ . 

[0 112] *ll)!i^J{rffll^5>tl^-kl/i'^'(H] 

i^i (5 0 1-4) ^m.mr^rzisb\z. 2\i-jV'fv^ 

^imi) o *ii)S®^«j«j:-5(c. 8 b*>y h5'>':^J^x- 
^ e> -fe 1/ i/ (Hiss =b iHig&o«^»t^ ttiii i; s o 

ST*-&#M¥l 1 - 1 6 7 3 7 3^tCfe«$nTVi^ 

[0 113] 116tt, l-:?ro-fel/i7:$'|l|g&(7)lE]^0:^t^ 
;^nTI/i-5)o lI6{Ci5l/^T. tt^A, B. C:tecfcD^D 

i^s^^oi3cfct/i tt. -e^i-?'noy-xm^i^{cA;'3 

MS?«^S S 1 *>J;O^S S 2 tCJ:oT, 1 
*SA,' B, C*fcWD(C*fJ$;-r^x>^^;l/t:x:tx-^ 

*^a*?$n, out-o4oj:mut-iA^e.tti:'3$n'5<, zicos 

^[H)S&©^-f 5>i^^i'-h^B7(CS^-ro 7^^:43. L. 

[0 114] *SIMf!l©-fe^i7^ll|gS5 0 1 -4tC*li 
Ttt, V-xm^^4*«{c— :3<75-t^i7^S'|5]gS75^l9:^t 
6t^T^i^o 1 ^O^SWfflo l/4o'o, *f 
|i&-r^V-X^^«l(C^-y5"[pIS&l (501-2) 

[0 115] -feUi^^lHlgSS 0 1 -4TS#J$tlAc8 tf 
■y hx-:^iS7;nfx^x-iS'75-JDAC 5 0 1-5 tC«iiS&$ 
n^. ;i;:T\ :$:|l)5S0tJfCfflV^e.n^*:%0^cDDAC{C 

[0 116] UStctt, *5l]5£«3J®DAC©lH]^BI;5t^ 

lElg§'(L. S) ^^FLTI/^^^i, ;i(OU'^;l/->7 37[Hlg& 

7:$'lH|g& (L. S) OlHlSSfllfiXtCOtiTtt, H9 (A) 

{c5^$tiTii-5, i/^;i/->:7^iH]gstc*5iiT«, A;'} i 
NScft^L o*tA:^sn. A:^ I N b tcm^H i ^O^A;*? 

^ntzmz. ai:'7 0UT*^e«ismfl;iiivd dH i 
n. x■h\^\>\zm^\.o1f'X■h■^t\fzmz. ai:^ou 

T75^?,tt{S«fi[fl:iliV s s 7>t. tt}:'30UTb75^5)«iB« 
fi^ttMVd dH I ifi^-h^t\^^o\zU-z>X\i-^^. 
[0 1 1 7] *||S6#iJ®DAC{rtt, NORIilg&(5 0 
1 - 5 - 1 ) (n—-}5<r)X-h\Z^=y9)\/'d^i^^—^ (D 



0~D7) cdSIex— (c;iT«SteDo~D7i:llf^S<) 
ti^Xtl-^n^J::oizU-:>X^'>^o ;i®NOR(ilgS (5 0 
1-5-1) (Dm:lj<DX:hlZi-3.. U-fe>y h/I^PXA (R 
esA) -fy^Xtl-^n^o Z(DOty h/-^)l7.A\it. DA 

TRitit-feNORlHlgS (501-5-1) ^XfJ^tlT 
l^S*^, NORlHlii&{cU-k-y h/i;>XR e s Af}iX:h^ 
nTli-SPa^tt. NOR[Hl8S*^?,ttx>'^>'l'b'5=^3i-5='-:^ 

[0 1 18] tm, NORlHlg&^«BSL. U-tr-yhWrBl 
TRCD*l7f*. ^>'5';i/t*x:^x-^ (SiEDo~D7) 
A^A:*! $ n?> J; ^ tc U T t) ck 

[0 119] U-fe-y hWPB^TRCD«^T«, 

T e:*^**^ 8 t* >;/ h ® t'v ^ ;1/ 5' 

75^ -> -7 5^ mSS {' J; o <Z)«EE U ^ Jt- €r ± tf 5 

[0 12 0] x-^'y^msl,swQ^sw^^t. 'tn'&nz 

^1 CD T D y X 5^ A S W 1 J; A S W 2 cfc o T If 

W'e-n-^'nwigg&tifiRts. 09 (b) {cs^^nrv^-s. 

A S Wl CO— ^ttD C_V I D E 0_L IZ. ^(Dmt^it. 
A S W2 ©— iffilc^M^ n/i'>-:3$a tiT -5 . 

^Tz. S-ASW2®— 5S«DC_V I DEO_Htc:. 
©ffiie«ASW2CD— j^t'Jgigt^nA^O^M (IpF. 
2pF, 4pF, 8pF, IpF. 2 p F, 4pF. 8 
pF) tCjSJ^StXTli^. ^^m<D-'mt2-D(DT^n 

2 (Res 2) tC^Jt^nxVi^o ^Tt, U'tr-yhX-l' 
■;/5^1 (Re si) CD— DC_VIDEO_M{C 

3eStC«M^nTl/i-5. U-fe-y hX-f -v^^R e s l:feJ:0: 
Res2(C«, 'J-tr-y h/'?;i'X (R e s B) feJct/K^U 
■tr-7 h/"?;i/X (SlaResB) *iA:'7$tl'5, 
[0 12 1] ^fz. h (c^tJ^T-SiaSStT^i t' 

•;/ h{c*tjceT^iiig§o»igE^{3ti. mm (i pf) ^^^la 

[0 12 2] DAC 5 0 1 - 5«, 8 t*-y hWxv'^;!/ 
tSb. ^V^^m^2 (5 0 1-6) (CioTSJ^^n 

^v-x«^S!^tcli;^:«>ii&$n-5), **)ig^j<DDAC0 
i!)f^«. ±a!<Dii)5s«>iji(7)i!)f^(rfietK ^-h^^ww-t^. 
KtiWisscit (17) -C5^$n^, 
[0 12 3] v-7sm^mzm^^n^7-ru^m^ 
'j-T.mHmzmii^^nx^^^T^'r^zf-^Y'^ji' 

X USSroiiiig T F T <0 V -XMJ^tC«if& S n-5 , 
[0 12 4] 5 0 2«y-xm#ilSIK»)lHlS&B-C=*0, 

^ois^s«v-x«-^i8aiKi4iHigSA 5 0 1 tmcx^ 
^. V-xfi^saSKidlUliSB 5 0 2tt. ffl^#S©y- 



if#M¥ 12-3411 25 
[0 12 5] y-h«^«S^if)[ili^5 0 3tC:tel.^Ttt, 

•y^riHii^ (Bs^-fr-T) tc#^i&^ti> m-r^y-h« 
(^^«i) ('#tS5&$n^, i^ 

-f >:5^«iii^TFTCDy'-h«1S7!»igJt^nT*3 0, 1 
y-f >'^-kT(DmmTFT>&m^iZON\ZLf£<T\-tfj: 
<^tji\/-^(DX\ A*>y 7 TlElgSlCtt«8^§a(D:;^^;^j:fc<Dd^ 

[0 12 6] c(Dj^^\z, y-hm^mmW]mm^'E><D 
mmm ^mmTFnzmfi^^ti. m^^f-f)mm^n 

-5. 

[0 12 7] 5 0 5\t'r'Ji' )V\i'rir'f-^^nm^ 
(SPC ; Serial-to-Parallel Conversion Circuit) 
Tfe-So xv^;l't*7^:<}-7'-^:^S'JlH]g&5 0 5tt. 

Hio^#BiL-, ^^mmmzm^^^n^y^'y^ 

;Ut'x^5"-iS'^fiJ[lli^5 0 5H-3ViTfffi*tCgK0J-r 

[0 12 8] ^10 (A) \Z^tmz. :^mMm<Dy'-J 

J;0:it3&®S P ca*3.--y h^WLTt^i-So SPCS 
*a.--y hoUlfiKtt. mo (B) 010 
(B) {c45liT, H-DL*5J;y:L-DL«, D^-y^^ 

A^'^^n^^-y^^ft^TS^H i cZ)P?f-f >:/-y hm^^yv 
L-DL«, Dyy'^izXfj-^tl^yy^mnA'i 

[0 12 9] *|lig0lJT«, xv:$';i'fa':tx-^^fiJ 
[5]gS5 0 51C:«, ^1-g|?75''5 8 0MHz«8 t*-y hxi^^' 

;i/t'x:^7^-^:^^A:;'3$n^<. -x-^^^l/fx^tT^-^^i- 
fiJlHlSS 5 0 5 tt, f^^^^ ^ Ail 8 0 MHz (7)8 }d 

L. 1 OMH z ®5^>'^Jl/t:'x:4-x-^5:V-xm-^i^ 

mmm^\z^^t^. 

[0 13 0] uio. ifmmm(D'f'Jd')V}^'f:^7'—5'^ 

fiJlHlS&5 0 5{Ctt. 8 0MHz(nj'~y^)V\d'f-t7=—^ 
(Dm. 4 0UHz(D{7ay^ (CK) i3j;t;^Uir>y h/1 
Jl/XRe s;*t^g|575''5.A:^$tl^. *SgM«aj©5^vi5' 

t*x:tx-:5'^S'JiHigS5 0 5«, A:'3^n^7^-:^^;i/f 

:$'<7)JliSSfcCO#^<7)JljSia:<Z)i7 n -y Ld^iiJS 



(12) 



[0131] d CIT. El 1 1 ^#M-r-5o 0 1 1 izlti. 
X v^;i'fx:tx-^5i'S'J(H]if&<&1#fiX-r-5 S P C&:$i=L 

[0 13 2] HI HZTEt^^ ^>^^^—h\Z^^ 
t. Xtl^tl^~>VT)ly'z^i$')V7'-^ (D-1, D- 
2. •••,D-10. •••) ;&J2-p05/N°7U;l/5^i/ 

[0 13 3] ;ic:t> *lljSS0iJ-riKf3L/t7i'7-^> 

FT^J^^L. T^T^^'T'V hUi'T.IHi^, V-Xft^ 

T^^ CMO S lil8Si*^[llB#{C}Kj5K$n-5l$^ ^SrS^-To 
;UST F T t N5^-v ^-'I'S'T F T t.ifi^n^ti 1 -t^wy' 

l«^<73y'- hfl:^l$r<l;lfcT F T tC J;.g> CMO S iHlg&Sr 

li^TFTtty7';>y- h®N5^^:^i;l/^TFTTS 
->>^;i^y-h, hU:/;i'y-h^©TFT<hLT 

[0 1 3 4] Ell 2 (A) *#si-r§o sr. *ei8»*ffi 

^W-t^S«iLT5^S«4 0 0 1 ^ipffif^. 5^ 

SfflV^T^foSV^o ^Jk\Z. TtteM4 0 0 2^l:?g^K-r^o * 
*]!®^JT'«, Tiai^4 0 0 2 {r«i!ft->'J =3> (S i O 
2) ^^fflt'ie.nfc. 'Jk.\z. #rBK->Un>JM4 0 0 3^ 

mf$.-r^. #ffiK->u a >iK4 0 0 3 a*iw;^ii«ip 
(f^^ftf^cDMS 0 b tzmm) *n 0 ~ 7 5 n m 

(»*b<« 1 5-4 5 nm) i::^j:^^S(caH8i5T-5. 
CO 1 3 5] rm. #^K->Ua>M4 0 0 3CDfiXMlc 

ST-i&.5o *IIM0iJO«^. #NaK->U=i>M4 0 0 3 

iSckt/N (Sl^) CDjSS«l'^-rtlfc5 X 1 0 18a t om 
s/cm3*i§ (-RiSMt-HS X 1 0 17a t oms/c 
m3jJ(T, *fSb<tt2X10l7atoms/c m3ji( 
T) , O mm) «1. 5xiOl9atoms/cm3 
(ft*M{c«l X 1 0 18a t oms/cm3£AT. 
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JfSL<tt5 X 1 0l7a t oms/cm3£iT) i?ic^ 

m(7)m^Bit(Dmzm§^m^^i,ii^. ^mt 

4'{Ct3l.^T]K4'CD±fEO?FM#l7t*Ji««. SIMS 
[0 13 6] ±iB«j5S^f#^fcJ6. 

-r:>iftt. 2 0 o~~'4o ox:m&\zmmLrz^fHizi 

00~300sc cm®C 1 F3 (y^^ti&m) -fJT.^ 

[0 13 7] rm. *ai^A®fiiM,tcj;n«j^[^?as3 

OOriU. C 1 F3:^fXcD8Sl:^ 3 0 0 s c cmiL 

*4B#PHi-e^±{ii^£-r§^t;5i-e^^o 

[0 13 8] Sfc. #^aK>'U=i>M4 0 0 3ff>©*m 

fca6, #^HM->U:3>jffi4 0 0 3<D^KM«MffifiCVD 

^ i T--/ ^ X V C V D j£ S- ffl t i ^ ;i <h BJ tg T * ^ o 
[0 13 9];^?(C, ^^^K>'U3>M4 0 0 3(DMSfk 
XSSrfTe><, |g^{kCD^®i:LTtt4$M¥7 - 13 0 6 
5 2^i>fgfE«WSffT^fflViSo |iIi>|gC0llJg^«J 1 :fo J; 

[Bi^ii$Rcoii)5g«»j 2 \ztmLvrctmnm- 8-78 

[0 14 0] #F^¥8 - 7 8 3 2 9 ^i^J^gfEtlcOS^B 

s-rtt«7c^cD^Mi^5jis?-r^vxi7iise&M4 

0 0 4S: 1 5 0 nmfCj^fiK-r^o •7Xi7*eiSiM4 0 0 4 

-r-Sdch/O^'T-^S (El 12 (B) ) o 
[0 14 1] ^LT. ^SM->Ua»^4 0 0 3®ii6fl 

fe^fK (N i pjKiix^'/-;pj§«) 4 0 0 5€-xe> 

ir;i.jjl.^^tt), an)Vh (Co) . ^ (Fe) . /t^-:;' 

(Pd) , f)V-^=:.'OL. (Ge) . (Pt) , 

m (Cu) . ^ (Au) (SI 
2 (B) ) , 

[0 14 2] $fc, ±fS«a7C^®^SDlS«. US^X 
h -7 X i!? ^^ijffi L ^c-r :t >a Aft ^ ;t tt XV H* - If 

^^t.u^<D-c. m.m^\L\^rzmw,^miisir^mz^mti 



(14) 



[0 14 3] mm7tm(Dmaxmf}mjLrz^. 'A\z. 

^K^IIfflMSfcttK^llfflMff tc4oV^T5 0 0~9 6 0 
"C (f^^MfCtSS 5 0~6 5 Ot:) 0Sa-C4~2 4P# 
K©Jp|^5{iS^i)P^T#SH->U:3>M4 0 0 3©;^^ 

it^froo :$-mmmx'itmmmmm.x- 5 ? ot:-ei 4b# 

[0 14 4] ^®B#, #^SM->Un>^4 0 0 3®^^ 
:::-;/^r;l.Sr^jDLfcM^4 0 0 6T5!*Lfc1**^ 

ea^twtcjiff L. KM4 0 0 1 cosKSfcM Lxat^ 

0 7 ;^^*Jg^$n«., Z.(D^^m%^A 0 0 7 ^^figSflft? 

[0 14 5] is.^, '^T.^m.mmAo 0 A^m^^-t\z. 
[0 14 6] 012 (D) ^#B.i-r'g>o mmytm 

^H->Ua>M®-77,^^*gii^iS4 0 0 4T«t)nTli7;cVi 

gR^j-4 0 0 soDi^tc, u >75^F— If >i^$n-5 (cine. 

C9M«^ U >^JDfIi«4 0 0 8 iO?.5<) <. ^ICDi^, K 

-\fy^(Dmmn.j±t, mtmx-ss.^-^7.i7(Dm-$^m. 

Mitl-. U >d^-7Xi'«eiStlK4 0 0 4 ^gig^J^lt^'iViJ; 

[0 14 7] U >© F— 1X10 14)6^ e. 1X1 
Ol5i on s/cmZgftifSi^Vi. ^^Mmx 
it. 5 X 1 0 14 i o n s/cm2c7) H->C^-r:t>H- 

[0 14 8] yi^. 't:ty\^-y<Df^.(Di}mm.mitio 

k e Vi: Lfco 1 0 k e Y (Dm^W.S.X'S>n\ts U >tt 
•15 0 nmO■7Xi'*e)SiflM^^5i:^<^:ilJa-rs;Ii;^(^T 

[0 14 9] 012 (E) ^#Bg-r^. 'AiZ. 6 0 ot: 
<73^^#HMtcT 1 ~ 1 2mm c^mmmx'it i 2b# 

fco C5-r^3:i:lCJ:oT, 1112 (E) iZ^l^X^m 

.i:tc;^!:-5, 6 0 O'Cro^aSOTfeiiTK. 'J >JMT«iK'f' 
^{ti:^<i:l!)*^7^J;^i:0^. r::-y^r;Hi^«^ 1 0 0 timm 

m^tzit^nu±<Dmm^^m-r^ztt^x'^^o :i<d 

[0 15 0] :;i>:t-Eli 3 (A) ^^mv. #^^ffi->U3 

ym^n^—z^y^f-t^nn^mm-r^o :L<Dii^. u 
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y(Dm.iimm.A o o s. •r;^j:to*>::i-v'5r;i/:^ty-y^ij> 

::: -y jUtE^ * S i ^ ^ Aj: V > -> U 3 >M O ?§ 

14B4 0 0 9~4 0 1 itim^tifz. n^ntzS^m^y 

Un>MOffittS4 0 0 9~4 0 1 l*^^t;:TFT®S 

[0 15 1] HIS (B) $#fig-rs. SttH4 0 0 9 
~4 0 1 1 ^J^^KLfc^, ^®±(C->U =J>^-^tf*eigk 
ISTft^y- h^S^M4 0 12^7 0 nrntr^jK-r-S, 
-5-LT. ^{t14#llM{343t^T. 8 0 0-1 1 0 O-C 

($f SL.< ti9 50~1050t:) TJjP^Ma^ff Vi, 
®'|tJ14 0 0 9-4 0 1 1 tir'-hl6Sfej^4 0 1 2 

[0 15 2] ^j;*3, mm7i.m^tf y^v yft^tz^o 

izj:^yy^U yifmm^+^izm^fzsbizi-i. ±fEiip 
sriTjts^, sfc. z.(Dm-^j\ayy7tm^^^:^xii 

L-T, f^^MfCttHC 1 , HF, NF3. HB r. C 
1 2^ C 1 F3, BCI2. F2, B r 2^0/Nay>5:'& 

i^ioTfeii-^o $fc. mm7tm(Dyyi'Vyif:fn±x 

[0 15 3] g|5^b;^j:^iT;l^5n'^A^i^^)'i 
«1ioiM^^j^^-r^o *Slig^J-c«2 w t %cD7,:^> 

[0 15 4] ^fc. mn^^i^^-r^fztbcD^m^^m 

JP U ^ ^ S -> U > l« { C J; o T y - h «M ^: J^fiK L T 

[0 15 5] ^m^7 - 1 3 5 3 1 8^{ikmtm 

C0S^B!CJ;i9^?L'l4^@m{kM4 013~4020. M. 

Kitmmmim4 021-402 4^3j;c^y- h«®4 

0 2 5-4 0 2 8t:mi$.-r^ (013 (B) ) „ 



(15) 



[0 15 6] C:5L.TEI13 (B) (D^my)m^tirz 
'A\Z^'-hnMA 0 2 5-4 0 2 ^io^XS^Tim^ 

mmtmA o i 3~4 o 2 o^-^t.^ t\^xtf-vmm. 
IK4 0 1 2^:Lv^y^r^o ^-LT, ^^'i&mmmit 

M4 0 1 3~4 0 2 O^I^SL-. HIS (C) 

f#-5>o ^'cCiJ. HIS (C) Hi5l/^T4 0 2 9~4 0 3 1 

[0 15 7] 014 (A) ^#BB-r^o ;^tC. -aSmii 

LXIitN^r:^^)Vmr£<blf£P (U» ^fe«As (51t 

[0 15 8] ^HJS^JTtt, N^^^^-Jl/^^iU^P^^^ 
:^;l/M<0 T F T ^Jg^-r -& fei^CD^iiSEi^^iJP^-etl^'tl 
2li]®XS{Ci)-ttTfT5o 

[0 15 9] N5^-V^^;l/^«TFT<&?g^iX-r'5 

P'rpi->jga[*^l X 1 0 18a t oms/cm3~l 
X 1 0 19 a t oms / cm^iifji^^^izmWT^o 
[0 16 0] $e.lC, 2[H]gCD7pM!^^J!)PSr{gJP)amEE 
1 0 ke VgSTffV^, n+fI«^^^fiX-r-2>, ;iCDB#«, 

ipjS«jE;i^{£v^©-e, y- hmmm*^-^7.^t Lxmm 

U&Tf ($fSL<«3 0 0 Q/DtAT) il^.C'SJc^tClS 
[0 16 1] KA±(DIgS:^lT. CMO S HISSSrli^Kr 

-5 N -r T F T o y - J; h* i/-f >MJ^ 

4 0 3 2ie^XSA 0 3 3, {£jfiffi:^SE4^M« 4 0 3 6. 
'^V^Ji'mfS.m.i^A 0 3 9*iJ^/S^tl^, S/i, IS^T 
F T ^mi&t ^N^\^)VmT¥T<D 7 -X^^iJ ct 0^ 
K U-r >M«4 0 3 4 ^^XSA 0 3 5, ig?§S^M^fI 
«4 0 3 7, '^^^JUmfiSLm.^A 0 4 Oi5j;t/4 0 4 1 
*^?SS-r^ (0 14 (A) ) „ 
[0 16 2] Uid, mi A (A) ICS^ft^JlTttCMO 

[0 16 3] ;^tC. 014 (B) (C^TJ:51C, N^-v 
^-;i/STFT^aoT^-:/7, h-^X^AO A 2 ^IStt, 

[0 16 4] :iCDIgfctfiai0^^i^mJPXSt|3HttC 

[0 16 5] :15 LTCMOSIilgS<&«B£T-5)P5'^<'> 
;i/STFTOV-7.fI*St5J:Z/KU-f >fl®4 0 4 3 *3 
J:ZJ^A OA A. iS.^mTm<^mm.A 0 4 5. 

i&m^A 0 A (014 (b) ) „ 



[0 16 6] Sfc, ii«1±^fTf-^T^/iJ?)CD?FM#i^m 
JP L -> U n >M =fc -p T h «M ^ J^fiR L 

[0 16 7] ^^{C, 7t— ]^—*f—7- 

[0 16 8] 014 (c) ^#flB-r^. :k\z. f^imm 
mmm aoatll xm^t -> u^>mt mt x u 3 

y— XHMfeiO^Fl/'f >«S4 0 4 8~4 0 5 2 SrJ^ 

^-r-s, tm. 'mimw\mmmA o 4 7 tuT^tsttflj 
mm^m^'^^^iL^x^^, 
[0 16 9] 01 s^^RST^o i^tc, f^2mf^^&mm 

4 0 5 3Srg{b->U3>MlrJ^fiKr-5o ^L-T^^tC, ^ 

t^tt-isagM*^ ^ zm?i\mmm 4054*0. 5~ 

*-tsstti^ij&iiiK)?ij^«, ^m-)3m*m^x$)^^. §^ 
^mmzf&tix\>^^^uEtim\i<bn 

[0 17 0] 'A\z. mzMMmmA 0 5 4«-gi5*x 

y^yifiy. iii^TFT(73 KU-f >lt®4 0 5 2(D_hgP 

^c^2effl^eiitjIM*^^T:/^•;/^7-7^•Ji7X4o 5 5 

^mr^. *ll]^^JT«, 7'^-7i7V hU ^^7.4 0 5 

5(c«Ti (^^» tim^^ititzo fs.ii. ^mmmx 
mmi^^n^. ^fz. mw}^^mzii\,^x\t. yyy^ 

v'h'Ji7X4 0 5 5?:sB3®E«g<i:L.Tffll/iT^i^o S 

fc, ^USS^JOD/ASi^iiiig&w^Sti, y-x«@*3 

Th'Ji7X4 0 5 SiitctoTJ^fiX^n^o 4 0 5 6« 
^4HfflJiMTSSo 

[0 17 1] m2mmmmmA 0 5 3*3j:oc^3 
HFa^*gig^i^4 0 5 4(c3>^'^ h7}^-;^*J^fi)^u, mm 

m^A 0 5 7 1 2 0 nm®ff$(CJ^^-r-5). ?S*3, * 

mx^j^rztb. mmmmA 057 ?:if fiR-r^#«Mi: b 

TITO. I n Z nO^CDSBJ#«l^€rffll.i^o 
[0 17 2] S«i^f*:S:3 5 0"C®7K^SIHmT 

(iHf}c?S14ffl^) cDy>^U>i^5j^>h' (^*tSg^^) 
[0 17 3] ±iS(7)Xg(CJ;oTf^Si^nfc7i' 



(16) 
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[0 1 7 43 015 (B) (Dikm(DTi'y''< :/V S U 
xa«lcE[Rl]K4 0 5 8Sr®5K-r^. *II]^0IJT«, IE 

^mMr^o ni^mmt, ii^7.&wLA 059, mmm 
m.mti^ibiii^n^n.mA 0 e 0, M^mA 0 e 1 i-e^t 

[0 17 5] fi43, BHlRlKtC«# "J 5 

[0 17 6] 'A\z.±M<nT.m.^mz.Ti;j-^y^h^) 

^*5i±-5. ms«©m(c?i$a4 o e 2 <£-ffiA 
[0 17 7] ctoT. 015 (c) \zm-t^on.mMm. 

[0 17 8] ;i5:4o, *3l)!fg«^JTBtt0JLfc#^SK->Un> 

^ft^rff fettle = 
[0 17 9] (jgJgfUS) 

[0 18 0] 2|c|gM^Jt'*5ViT«> ±jz!iOll]5S^J 2 tc*3 

[0 18 1] 0 1 6 2:#M-r-g>. :^7X»«5 0 

0 i±.\zmiti^ U n >M 5 0 0 2 T:ts.^'Vm^^ 2 0 0 
mm \ZM L , TitM «gft -> U n »iM $r«)i L T 

[0 18 2] 'Jk\Z. ^fbv-U 3>M5 0 0 2±{C3 0 nm 

[0 18 3] :i«iSgffi{l:lS«^^»]©U— y-'-J^Sffctt 

y X -> U =1 >M©^S'ft:&fT^ fe. 
[0 18 4] ;^d:*, *3|]6S«aJT«?;]WIM$T^:;U7yX 
->U n >Mi LTl/— tf-Tx-;i.T^SftbT7}^U -> 



[0 18 5] C5LTJ^fiK$nfc,1g^BK->'Jn>MSr/1 
:$'-x>i/LTat«tcD>'U n»l:^^e.;^i:-5ffi14]15 0 0 
3. 5 0 0 4<£r}BSKL;t. 

[0 1 8 6] ^1485 0 0 3, 5 0 0 4^S-:3T 

^{tv-'J 3>MT;^d:Sy- h*giStJK5 0 0 5 ^J^fiKL, 

^■cD±fc5' >iS';i/t^fl:5' >^';^ra«»1tjfiT7^^:^y- 
hE^ (^r- hus^^tj) 5 0 0 6, 5 0 0 7^J^fig 
Lfc (016 (A) ) . 

[0187] ^r- h^feigiM 5 0 0 5 coMWtt 1 0 0 nmi 

{t->'j :3 ymiKDmmmT&^mitmty'} n >jg&fflv^ 

Tfc1i*3;^j;Vio SI'S:, y— hiE«S5 0 0 6, 5 0 0 7tt 

[0 18 8] ;i5bT0i6 (A) (Dm&mm^ntz 

llH]S(OU>K-:/I@ (UXD^iJPXS) 5:fTo 
CCTtty-h*eiStM5 0 0 S^ilLT^UDf -Sfc 
46, APi««BE«8 0KeVtii5s6tCB9:5£L'/c. ^tz. 

LTfl^fiK^tifeig 1 y^mmmL 5008. 5009 «fi 

$ (ti) ti^O. 5 Mm. U >iiS75^* 1X10 •7atoms/cm3 

iiri^^o\z\^-xm^mm\^tzo cicdb#cd'j >iga!$r 

(n-) Tgf ditC-r^o fi^o. ij >COf^*3 0(CfltmS: 

[0189] ^ 1 ^*>E!^ffiJl? 5008. 5009 

tty-hi2^5 0 0 6. 5 0 0 7 ^T-y'Xi'.hLTeSS 
-^WtJ^fiK^snfCo c:c7)B#. y-hE«l5 0 0 6. 5 0 
0 7 0ilTt3«K'l4^ci^ffiMi^'J ^■v^ 

ji^miiSimms o i o. 501 i:^«^gfi£$nfc. fcfc'u. 

^h&^rzSb. y-hEM5 0 0 6. 5 0 0 7 t^I5F 
*e'^M^5 0 0 8. 5 0 0 9<i:75i:t-A--^-y7'f -SJ; 

ormm.trj.-:}rz (016 (b) ) . 

[0 19 0] i>C{C, y- hSEIl5 0 0 6. 5 0 0 7 ^® 
5J;e)(CbT0. 1~1 MID (f^^MfCttO. 2~0. 
3 Mm) C!)/5$(7)#^SK>'U:3>H5}g^L. S:^14x 
•y5=->y^fT5c:i:lCctO-t>--1' K'^^t-Jl'S 0 1 2. 5 
0 1 3^J^^L/i„ h*'!7;t— ;i/5 0 1 2. 5 0 1 3 

o*i (y-HiH«s®#ja*^^*fc;?$) «o. 2 m mi 

Lfc (0 16 (C) ) . 

[ 0 1 .9 1 ] fits. *i^si«wjt«#sm:-> U =i >b t l 

T>F*iEt)Sr{5Ife^J)PL.?il.>fe«<5:^Vi*fcie). K14;^t-> 

[0 19 2] 016 (c) (D^mt^nibtifz^. 2mm 

i)PamjE^8 OKeVtbfc, ^m^^;^tlfc^2 
^Mtlffi^5 0 1 4, 5 0 1 5 (CH'J >*n X 1 0 18at 
oms/cm3<7)i8aT#S J; -5 {C K-Xfi?riSli5 Lfc. 
;i®B#®U>?12Sf<& (n) T^fdifC-r-So 



(17) 
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[0 19 3] rua, mi 6 (d) {c:5^f j > k— yis 
Ttt-y--f K'i':t-;U5 0 12, 5 0 1 3oyMT(D^izf^ 

1^^#)««5 0 0 8, 5 0 0 9dt^-5o ;iCD|gl?FM 
#>««5 0 0 843j;t^5 0 0 9 « 1 s t L DDM^t UT 

[0 19 4] S/t, 0 16 (D) WXg-r^-y-f h'-i^;*- 

5 0 1 2 . 5 0 1 3 tcfc u y^mM^tifz. mmz 
5.o< iL^2^m.mnm.5 o i 4{cEi]ji)o$n-5':r- ha: 

[0 19 5] ;^tC, NTFTCO— gR^&ae) l^vX hVT, 
5 0 1 6 <»:PTFTO±gl5^®-5UvX hVX^' 5 0 

1 7^mi$.vrc, ^LT. ;icott^,Ty-h*eigkM5 o 

0 1 S^mbfe (0 16 (E) ) , 

[0 19 6] ^a)B#, y-K$eiit)li5 0 1 S/O^'-y-l' H-::? 
*-;i^5 0 1 2 fc^1.#J(C||[iJLTViSgB5i'®fi$ 

(^r- hiiSfeigim 5 0 1 8 2 ^FMtlffi^ 5 0 1 4 tCg^ 
L-Tl.^-5)gP^i-®S$) S2/FMtlM^5 0 1 4 OS 
$ (ifi) ^}*SUACo f»£oT. Ixv'T. h-7Xd7 5 0 1 6 

0 V 7, i7 ii- «ff a A < fr 3 d i *) o ;t . 

[0 19 7] 0 16 (E) cDttffi*s#enite>. 3iHia 

>^^j!)nT-5Ci:('fi^;tJ6. JoaMEE^ 1 OKeVi^S 

^5019 tCtt'J >*^5 X 1 0 20atoms/cm3cDjgffiT-^ 

(n + ) T*-r:i<h(C-r-5 (017 (A) ) . 

[0 19 8] ;iWXgT«I/vX hVXi' 5 0 1 6*ck 

t/5 0 1 7 \z^^xmM-^ntzm^\z{tu y-^mm-^n 
u^^fzid, ^(Dm^^izit'mzyfmmKms o i 4*3j;ac 
5 0 1 5^i^(D^^m^o m-ox, m2:ff^^mm5 0 

1 4Am&Lrzo ^tcmm^z. ms^frnmRiAs o 1 9 

[0 19 9] C0^2^MtlMJ^5 0 1 4«2 ndLDD 

m^tvxmmL. ms^mmms 0 1 9«v-xm 

[0 2 0 0]^^^}C, U'v'X h-VXi7 5 0 1 6, 5 0 1 7 
^^SL, «rfctCNTFT^gP€:S5 Uv'X HVXi? 5 
0 2 1 ^J^fiKLfCo ^LT, S-rPTFT©tl-r F-^sf 
-;U5 0 13^^SL, ^ ^tcy- FiiieiSbMS 0 0 5^ 
F^'rx-i/5">;rLTy- FiHiSS 0 0 7 tlBlJg^^CDy 
-h^ltMS 0 2 2^J^fiRLfe (017 (B) ) „ 

[0 2 0 1] 017 (B) (DVim^m^tlfzib. 3j^D> 
F-yx@ (7j^D>«^*aX@) ^^ffofco :iCT-«*P 
jam^ 1 OKeViL. J^fi£$nAc|g4^M!g3ffiSg5 0 



2 3 (C 3 X 1 0 20atoms/cm3cogS[T#D >yO^-^Sn-5> 
=tp(C F-X*$-Ifflg5b;ft» ;i«B#«/J?D>jiS* (p 
+ +) X^tZHZt^ (0 17 (C) ) , 
[0 2 0 2] Z(Dm. 7}^P>fey— FE^5 0 0 7<7)|^ 

1 1 hieiiS5 0 0 7 omnz^i^^nrzo sfe. 
coxsTttP T F Tm\zmfSi^nx\^'>rzm i ^iSiE<^« 

Jt5 0 0 9Ry:|g2^»E!^tS^5 0 1 5Sr7j^P>TSK 

^mmmmz-D tz^^tm 2 ^mmm.mz-D fzw>^ t t 

V i S CD T Pp^ S i: tt ^ I i „ 

[0 2 0 3] ;i5-r-5:i<»:T^4:^i^#)M«5 0 2 3:^^ 
Bi^T^o IS4:^Mi^M«5 0 2 3«y-hE«a5 0 0 

TFT{C*fL.TLDDtI^fe:t7-fe-v F fl*^ J^^S b T 
l.^;^!/^*^. P T F Tttfe t tffi^-tid^iBtiOTPnlStt 

fi<. n-oxi.DDm.m.m^WLnf£.^^^m:i-ymM^m 
<z.t-ifix^^(Dxu-^mA\^^m^hh^, 

[0 2 0 4] ZLo\^Xm.W:m\ZUmi 7 (C) {C^TJ: 

^>tc« NTFTroSl4)l{c«5"^:^;Uf^^M«, mi?F 

n: Y-T¥T(D^'&m\z\t^^^^)v^iist.m.mLumA^ 

[0 2 0 5] ■^©J;5(CbT01 7 (C) 0«li75tftf, 
nfe IS 1 HPbTO^IK 5 0 2 4 ^ 1 m mCD;?^ tCJl^fiX 
b;t„ «l)ifflffil*M5 0 2 4 tbT«K{ti>'Jzi> 

^tz\^'tne,<Dmmm^m\^^zihtiix'^^, i^mmm 
x\x7^ ^})vmmm^um vtz, 
[0 2 0 6] mimmmmm5 o 2 4$rfgfiKbfce,. ^ 

)SW4T;^j:^y-XiS«5 0 2 5. 5 0 2 6JiOtF^'f 
>Ei^5 0 2 7 $rfKfigb;t, *||]5S^^J-e«^^>??r^tJ 

[0 2 0 7] Sfc. IglHfflSgia^MS 0 2 4<t:bTBC 

B ('<>y->^p:/7"» tmtn^mmm^m^^tzm 
^mm^^^^iimmi,z. MmMnti.xmt:m^^ 

ntLx^-^iz^^x^^. 

[0 2 0 8] ;ipbTy-7.E«&Z/Fl/'f 
^brce>. /I -y 3 >Mi:bT5 0 nniJ¥(D^{t-> 
U3>M5 0 2 8S:J^fiXb;t. $ b (c^O±{;:«^ffl^ 
i:bTm2»r«1Je^tl^5 0 2 9$r^^;5KbAc. ;i®|g2H 
m*eii:lM 5 0 2 9 i: LXitmim 1 JlFBl^feg^fli 5 0 2 4 

[0 2 0 9] &.±(D^orj:Xm^BX. 017 (D) (C 



.toTj^fiX^n/iCMosiHig&tt, NT FT ^mntzm 
±Ltz. sfc. :^m:mm<Dj:'ofj:mmt-r^t. ntf 

Ti:PTFTt<D!t$'t4A'5>X («m4$'l4©A*5' >X) 

[0 2 10] fji^. |BHttcLTiiil|TFTfcNTFTtC 

[0 2 11] HI? (D) (D^^t^;5if#e.nfce., 
i' hzJ^-Jl'^giPL, iii^TFT(7)HU-1'>lt®tcaEJ^ 

[0 2 12] mmm^m\zii\,^xi,t. -y^v^-^v^)^ 

[0 2 13] 'Jk\Z. ^lRlS«^ffl«-rS= *f[Bl««tt. 
[0 2 14] ^i:4o. *l|]5g^JTtt> g2|6]MtC«7j^ U S 

[0 2 15] ;^(C.±fB(OXS^iilfcTi'T-^' hu 
xa« i 5:* i co-fe;i/i^i?^-iS J: o T . 

fZo 

[0 2 16] ^■ox7i'T--^zf-7 h^)^7.mm^m^m 
a^^^^f -5). 

[0 2 17] mm.m4) :^mmmx\t. ±m<Dmmm 
2 ^fz^tmmm s {-^o^^t, ->u =j 

[0218] HIS ?r#MT^o -> U :3 >S;R 6 0 0 1 
±{cK{t->Un>M6 0 0 2^f^fiX-r^= ^-UT, lift 

-y'rJKD-^mm^mf^t^o tLX. JQ^L. I^^bK 

[0 2 19] (mmms) ^^mM\zid\,^x\t. ±m(D 
mmm 2 ^rz\tnmm a izm^xmrni^rzYi^^^ 

[0 2 2 0] s 1 9 *3 iz^H 2 0 ^^#Bg-r-5= i -rsis 

7 0 0 1 iz\t, ^JA«a-->i7'tt« 1 7 3 7 :*/^XS 

m\z'R&-^n^myjvti'j-^yxmw.^m\'^rzo 
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T. S«7 0 0 l®TFT7j^m$n^SM(r, Mitm 
mXf&?>Tmm7 0 0 2<^r2 0 0 nmOS^tcJgfiXL 

Tttii^7oo2«. ^ii\z^<t^mm^mm-^iix 

[0 2 2 1] 'AiZ, ;i©T*li7 0 0 2<D±\Z5 0 nm 

4 0 0-5 0 ortcjupi^L-TiifiTK^ma^ff 

[0 2 2 2] CCOS£^B{tCDIg«, tf-Sea 

1 S;ttt^S6^J3Tttt0Jbit:^i4^fflViTfc^Vi, 
[0 2 2 3] ifti, *^ig^JTtiWMili^*SKvU3> 

[0 2 2 4] c:5LTJ^fiX$tlfc^S14->Un>Mi^/'^ 
^'-->i^LT, 7 0 0 3 . 7 0 0 

4,7 0 0 S^&fl^figLito 

[0 2 2 5] 7003, 7004, 

7 0 0 s^BoT, mimm^tzit^{tmm^^i$.^t 
-r^f-bmmmi 0 0 6t:mis.Lrzo z.zx\f:f^x 
■^cYDmxmitmitmmm^ i o o nnKDm-^izmjSc. 

Lfzo ^LT, 01 9T«IKBHLfj:V^;5^. y-h^i&mm 
7 0 0 6 <D^m\Z^ 1 S 1 O 

i^ttlK<i:LT:S'>^;l' (T a) 1 0~2 0 0 nm. m 
^itS 0 n mS 6 IZf^ 2 (DmmmtLX 7 JlZ^.'y A 
(Al) *100~1000 nm, ■eB|x.t^2 0 0 nmO 

m-^xx/'^y^mxi^}$.vrzo ^LT, ^^POA^J'-- 
>^9's^Bi'j:o. ^ 1 ®y- h«1S^«^£-r^^ 1 ®» 

«M7 0 0 7. 7008. 7009, 7010 i. |g2 
<DmKm(D 7012. 7013. 7014. 7 0 1 

mf$.^nrz, 

[0 2 2 6] ^1 <Dy- hmm^mf$.-r^m 2 cd#«m 

tbT. TJlS.-'yA^m^'^^Wi'^lZit. UT)lS.=.'y 
jltitlfcTC^*^ 0 . 1 ~ 5 atiii%^JP$nfc7;i/5 n«i7 

bfiiidt. y- i-*e;i^M7 0 0 6 (D^miz^itmmm^ 

[0 2 2 7] Sfc, 01 9T«iii^-7hiJi7XlpI8S^« 
fiK-r^n5=-r^;i'^TFTW h* U-T >ffiytC#in^ftg|5Sr 

i:|Bli;«<SfT#i)Q^ftg|50Ei^tt1l7 Oil. 7016 

[0 2 2 8] c5bT0i9 (A) \zmtmm:fywm-^ 



(18) 



(19) 



«^FjI¥ 12-341 125 



LT«, U> (P) . Wtm (As) . T>5'^> (S 
:tX:7^'> (PH3) €rffllifc-f :^>K-y!*TfTO 

k eV t^mzm^Lfz. ^fz. ::oLXmfiS.^tifz^ 
m^Z^T n^^r^^jis^T FT (Dm ICD^m. 
#1^1^7 0 3 4, 7 0 4 2 <£}^i5K-r^fe«T. LDDM 

1X10 16~ 1X10 19atoiiis/ciii3(DieH(::T 
-5®*i*fSb<. ;iZ:Ttt 1 X 1 0 18atoms/cm3t L 

CO 2 2 9] ^m^m'&m^\zmm-$ntzwim^m.^7t 

^'iL-nm^^tz. ::coxg«> y-x • Y^v^ >mML^ 
©SrF^T I/-- tf-7 - tc cfc f9 «14{t ^ ^ c: i « 

m^mx&^tzo 

[0 2 3 0] dWXeT. ^l»y-h«®€:«fiK-r^ 
mi©#«iK7 0 0 7, 7008. 7009. 7010 
2 <0#«M 7012. 7013, 7014, 701 

my- hifeiSiM^^LT^ffi-r^^jg^i^Hoiiicy- 

i^t^JlD^f^D^iTS^o/!:. ^LT. 019 (B) \Z^t^o 
t, U >*^^j!)P$tlfcfi®*^M#l«ilg7 0 17, 7 0 

1 8, 7 0 1 9, 7 0 2 0, 7 0 2 1, 7 0 2 2, 7 0 

2 3 7jJJgfiX$ti;t= 

[0 2 3 1] hl/vX hSi^-7Xi:7i:LT, n 

^^r^)Vm.T¥T^mi&-t^W$.^\^-J7. hVXi7 7 0 
2 4, 7 0 2 5TS-PT, p5^^:t-;l/^T FT/^^m^ 

(B) . TJl^S-'^A (A 1 ) , ;yU'j7A (Ga) , *t 

T, -r:r> h*--/teT'>'#7> (B2H6) ^m^^xmt^ 

Lfz, Z.Z.X%mmM}£^8 0keVtLX. 2X10 
20atonis/cm3ojga(C7}^P>Sr^J!)PLfc„ ^LT. HI 1 

9 (c) \z^tj:o\z^^u>tmmmzmi}a-^nrzmm 
7 0 2 6. 7 0 2 7 f)Wf$.-^nrzo ^(Dmmtmizp^ 

[0 2 3 2] -eLT. i/>?7> 7 0 2 4. 7 0 2 

s^i^^Lfc^. ^2«y-hffiM^BfiX-r^ig^fT 
-:>rz, z::iT«. m2(D^'-hmm(Dm^\z^>*^}i 

(T a) Srfflli. 1 0 0~ 1 0 0 0 nm, {i^j;^ti2 0 0 
-->^SrfTl^. ^2©y— h«@7 0 2 8. 7 0 2 

9, 7030, 703 itjmfUL-^nrz, z0m, 1120 



y- hnm<Dm-^it.5 un\ii-f3:^<tiO\Z/-^-$'-—>ifL 
Tzo ^mtLT. ^2CDy-hm®«. Sl®y-H« 

[0 2 3 3] ili^vhU>?X[Hlii&^1tfigr'5n5^ 

r t^jpST F TO h' u-f ymiz^i^^mmm^i sn^ 
A^. c:0ffii$§»a5o«is 7 0 3 2 «^ 2 ©y- h«s 
tmm\zmii^-^nrz. 

[0 2 3 4] ^2©y— hSffi7 0 2 8. 7 0 

2 9. 7 0 3 0. 7 0 3 1 <&-7Xi7<i:L-T. 2(H]g(7)n 
^?r#-^T^^M!^7C^€r^J!)PT-5XS^fToyc:„ 31 d 
-C«[B|«tC. 7:tX7^'> (PH3) ^ffll^;t'f:t>H 
-yffiTfr-pfco ^(73XST*), y-H*eig^]K7 0 0 6 
&jlLT^<OTcDi)^##:)imU >^^JbP-r^rcJ6lC. JIlP 

mmBitsokeviimtbizm^Lfzo ^lt, 

'J >:^>t^J!)P$nsM^«, n^^^;i/^TFTTy-X 
mi$. 7035, 7043, K U-T >fl® 7 0 3 6, 
7 0 4 4i:LTatgS-B-'g):'^c*, ^®M«<7)U>©«a 
tt, 1 X 1 0 19~ 1 X 1 0 21atoms/cin3<i:-r^<^^WS 
L-<, :i;iTttl X 1 O20atoms/cm3a:b/co 

[0 2 3 5] ^Tz. ^.z-xmrnti-u^^-^^. y-xM^ 

7035, 7043. RZf h* >fl^ 7 0 3 6, 7 0 

4 7^moy-hmmjm^m^i^x. 

JPX-^i, 'r;t>K— yffiOJbP^ffiEE^l 0 ke 
A^X^tz. 

[0 2 3 6] ^fz. p5^r^;i'MTFT©y-Xffi^7 

0 3 9i Ku-f >«Jss7 0 4 o\zhmcmmx*) 
na^n^f)^. mi(Dj:mx''eo:>2iB<Dmmx^^a>timm 
^tix^^^^fzsb. mm.m\tKm^-r. p^^^-^jumrp 

[0 2 3 7] -tn^'noiSST^^JiP^n^tnS^ircttp 

fc. :i<7)x@«. mmumip^m^^rzmT=.-j]^m'^. 

m (RTAiS) TfT^di/^tT^fco 

[0 2 3 8] fiTn-ji.ffiTtt, mmnm^^izar^^x 

5 5 or. 2B#W®ilPl^«aSSrLTfg14{L^ffofco * 

^ffi^jTtt. m 1 ®y- h«®<&«fig-r^^ 2 (^mmm 
\z7jis.-ryx:,^m^rzf}i. ^yii'jixmpSL-^titzmi 
(Drnmrn^tm 2 (D^- hmmt)^7 jus.-'yA^m-oxn^ 

;l-X^mS©K r FX+V-7U— th*-^€ri6^«(C*^L 
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[0 2 3 9] £i±STOXgT, f-bmm^^lO)'f 

fc, ^fz. f-bmmm^^LT^mi^miznnibnfz 
izmvT\^^^mm.tm, mn^Tmi^ibtirzmmm'^ 

mituA-^-ofzo 

[0 2 4 011119 (D) (Dikmtm^bnrz^, 'mi(D 

Hm«ei»M7 0 4 9^ 1 0 0 0 nm®;p${C}^fiXbAc, 
^ 1 c7))iffl*gi!iiK7 0 4 9 t bTtt, B?{ta^i^. ^{t 

*?J]{rS<l:a^]K^5 0 nmJ^fiKL. $5. til 

{i:^^MS9 5 0 nmm}$.i.rz2mmm.ti.rz. 
[0 2 4 1] miommmmmv o 4 9tt^®^, /lij' 
— ->yT-e-n^'n©TFT(7)y— xfi^i. vu^y 
mmizay^i; h^--)Vi}mfiSi^nfzo ^vx. v-t. 

«1S 7050, 7052. 7053i:h*l/-f >«8S 7 0 
5 1. 7 0 5 4-/)mijS.LrZo ll^bTVi;^:!/^*^, 
mTI,tZ.(DmW.^. ^i5'>^5r 1 0 0 nm. ^^>$r^ 
t5'7;i^5:::'^7AM3 0 0 nm. >fli 1 5 0 nm$:7, 
/Vyi5'ffiTai^LTmi>fc3)i1«jt®M?:. /I^'-- 

[0 2 4 2] d^bTHl 9 (E) iZ^-t^o\Z. SIS 
7 0 0 iJit'CMOSHli^t, Ti'T^-i' h Ui'Xd 

5^ ^ T F T <7) K U'f >ffiiJ «. {Sjt#ftgP*i[5lB# 

[0 2 4 3] ^tc, 02O$'ffl^iT. iy.±ox@l;:J;o 
Till— oaiSlCfPSSnfcCMOSlHlS&i:. yy^^zf 

«*SM^f^M-r-5X@^&l5iHjr'g., 0 1 9 

(E) ©^^i«iros«fc^i>T. y-xfl;lS7 0 5 0. 7 

052. 7053tKUl' >fl:^l 7051. 7054 

^l<73)iffl*eiiiJ^7 0 4 5S:SoT/1-y->'^-->3 
>W7 0 5 5$:J^figLAco /l-yv-'^-v-a >M7 0 5 5 
«. ^fta^MT5 0 nniCDj¥$TJ^^L;to $^)tC. 
WSIMflg*^ 2 ©BW-ffiiStl^ 7 0 5 6 1 0 0 

0 nmcD/¥${CJg^Lfco WtSSafl&Mi LT«. tJ^U-T 



Sffll^i. 3 0 Ot:T^^LTJ^^bAc. 

[0 2 4 4] m2<j^mwi^wmi 0 5 6©®^^ 

«0-ei5{C. :/^-;/i?VhUi'X (jjg^ll) 7 0 5 7 Sr 
m bfco :/9-;/i'VhUi7X7057 «^«M^ffi^S^ 

y^7.nv ^mxM\^tz. Uia.. WMm 

gSgP{C43ViT«. 7'^-yi7V HUi'XSrIgSWSHSatL 

a. y-x«@:fej;yi>*i/-r >«Moj^EKBttcf^S!:^tx 

[0 2 4 5] y5-y^VhUi'X7 0 5 7^J^pXLfc 
e., lg3CD)lF^^iB^M7 0 5 8<£Jgfi£-r^. ^©^3© 

mwmm: 7 o 5 s «. ^2 ©jiFaTO^M 7 0 5 e iisi 

2 OUffllfii^M 7 0 5 6 3 <Z)HPB^*g)ft|^ 7 0 5 8 i 
\ZYV^ >M7 0 5 4(ca-r'5;i>^^ h*:— 
fi^L. iii3g«®7 0 5 9$Jl^fi£Lito lliig«@7 0 5 9 

(C. mWL-iy-y'OU ■ XX' ( I TO) l O O nm® 
j9^(CX/1-y^5')£TJ^fiS:L. jSlgfl:® 7 0 5 9 L 

/to 

[0 2 4 6] 02 0 (A) ®«ffi7>tm^nfc6. BHlfi] 
M7 0 6 0<&?g^-r-5, jl^?Ka«^^^®iHtp]MlCli 

0 7 1 *f[Rl«ffi7 0 7 2 i. S2IBIM7 0 7 3 tSr 

[0 2 4 7] ±ffH©Xg<^MT. T^5=--i':/V l-Ui7X 

i>fi]c7)-fe;PM^^xgtcj:oT->— ;i/**^x^— y- 
[^a«©r^i-is^«!isf7 0 7 4^aAL. m±m 

•tt-T) \Z^-oT^±lZii±Lfz, «fcoT02O (B) 
[0 2 4 8] (USS^^fl 6 ) 

[0 2 4 9] ^mmmxiit. ^^m<DDAc^m-r^r 

i^-xY^-^hUi'XMJSa^^SBO^aJiLT, jffiX^ 
© T F T ^ffi Ufc«^J ^^Tc 
[0 2 5 0] 02 1 ^#M-^^« 0 2 1 :*:||]!ig^J 
(DT^^^ h U i7X^MS«5^Sg^1SfiKT-5ffiX 
:J':tf^©N5=--\' ^->(1/^T F T©Kifffi0*i*$ tlTl/i-S. 
;^c£*3. E2 1 (rtt. l-::)©Ng^-V^-;l'STFTL'74''0:S 
L^CV^*^. HSg^ni 1 ©J:5{3. P^-\':?^Jl'STFTtN 
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[0 2 5 1] 8 0 0 1 ttssT'^ 0 , mmm 3 ti^bj l 

feJ;5/j:^>©*^fflv^?.ti-S„ 8 0 0 2ttif{t->U=i>M 
-pcb-5o 8 0 0 3tty- hSffiT^^o 8 0 0 4«y- 
8005. 8006, 8 0 0 7*3j;O: 
8 0 0 8tt. #^^->U3>K;{i^^fi£^?S't4)lT*^. 

S7tl^-1f-^ (»SL<««S*tl/-1f-3tS/i«ffitt 

^:^ffi*<i:oTfe^l^„ /c£*3. 8 0 0 5ttV-XM^, 
8 0 0 6 « H U-f >tl«. 8 0 0 7 tt<£?SS^M#lfI« 
(LDDM«) . 8 0 0 8K^-V^;UJKfigM*ST^^o 
8 0 0 9 it^^^^JlUmmxib 0 . S O l O ttWWMii: 
8 0 1 145J:Z:^8 0 1 Zlt^tl^etl. 7— X 

[0 2 5 2] mmm i ) 

[0 2 5 3] ^^se^jTtt. iMMm.mt.\mm'^ws. 
?)mxi^-^m(DTFTiz^'3XTi^7--^ h U i/X^ 

[0 2 5 4] 022 ^#M-r-2)o 022 tC«, ^IIJI^J 

^i3m<nN^^t-)iMTFT(Dmmmti^^-^nx\^^^o 

ll]5E^!ll®J;5(C, P9-^^)imTFT^iN^^r:^- 
; T F T i tC J; T C M O S HI SS ^ « ^ T ^ :i t T 

TFT^mii^X^^^li.'hmo^X^mK 
[0255] 9001 itmW.X'$> D , USS^J 3 TUiBJ! L 

fz^ofi'bmm^^^ti^. 9 0 0 2«i?{t->un>iK 

T^-So 9 0 0 3tty- hfl:ffiTag>§. 9 0 0 4«^> 

'/iy^a-f^y (BCB) fliT^O, ^©±ffl;0^¥a{l: 
$n^„ 9 0 0 5tt^{b->Un>]!iTi&^o BCBiKt 

^^t;->u 3 >mtx'ir- hmmm^mfi^-r^. 900 

6. 9 0 0 7. 9 0 0 8*5j;a^'9 0 0 9«. #i^S->U 

fiii. 9 0 0 6 9 0 0 7 « K U-r >fl 

9 0 0 8 «fa?lS^M#lMJse (LDD««) , 9 0 

0 9it^^^)umfi^i^i^X'$)^. 9 0 1 ott5^^:^;u« 

BMSTa^O. 9 0 1 l«IIPB^iis6i^MT^^. 90 12* 

j;tj^9 0 1 3«^n^*n. v-x«is. FU"r>miST' 

[0 2 5 6] *:||]!(60iJ{Cct-§><i:. B C BlKtg^bi^U 3 



[0 2 5 7] (HJfi^^yS) ±tEI|]!i«?-!|CDTi'7^^:/v h 

[0 2 5 8] setc. 

[0 2 5 9] Sfe. *MBJ©DAC^fflV^fcTi75^^:/ 

[0 2 6 0] sAc. r^^^y-^hv^xmrn^^^m 
mi-\z\t.. TFT(D{iiu\um=f-mtm^^<bnx%^ 

[0 2 6 1] ±.mhtziio\Z. *5!l«cDDAC^W-r5 

1998, SID, "Characteristics and Driving Scheme of 
Polymer-Stabilized Monostable FLCD Exhibiting Fast 

Response Time and High Contrast Ratio with Gray-S 
cale Capability" by R Furue et al. ^. 1997, SID D 
IGEST, 841, "A Full-Color Thresholdless Antiferroe 
lectric LCD Exhibiting Wide Viewing Anglewith Fast 

Response Time" by T. Yoshida et al. ^. 1996, J. M 
ater. Chem. 6(4), 671-673, "Thresholdless antiferr 
oelectricity in liquid crystals audits application 

to displays" by S. Inui et al. ^. ^j€l|!|#yFlB55945 

69 ^\zmm^nrzW.B>^m^^^z.ilifi^mm.x$)^o 
[0 2 6 2] $>^WLm.mzi6\^^xKmnM^^tw.^ 

M\z\t. n.m\znhxmMm^mm.mzm\:t^9.^ 

m) ©fe(7)*)MttJ$nTV^^o 
[0 2 6 3] :i:iT. v^^©«a^^f&#*s^T*ib 

®!^tt^^T«^J^I13 SfCS^To 113 3 tC^-r;/^7(D 
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[0 2 6 4] BIS 3 fc5^$n^J;-5{r, c:(7)<t5;S:i^L 

Pgl^^S^*^ nitg t ^ il i -5 o 

[0 2 6 5] z.<Dj:^f£iSMf£mm(DmL^^^mR^m 

l|JdE^Ttf^c:i::*^T^-5©T% D A C <7)ftf^fl:Mfl:i± 

[0 2 6 6] J;oT. ;iOJ;-5/cC{g«migft(D*U#Vi 

0 nm~5 0 0 nmSfettO nm~2 0 0 nm) Srffil> 
[0 2 6 7] Sfc> 

[0 2 6 8] ;^j:*3, z.(Dii^tmi''^\'mK^mm'&m 

[0 2 6 9] Sfc. ^:^1f-zll/X7^U -vi^ffl-^-r^ 

;i'Xp^^xi' -yi'Cffite^iR^u^rs^-r^SKmjsa (f 

LC) ^m^^. DC«ffiSrEn»Pbfi75^e>3l/X7^U -7^7 

>x-;/ v^sfS^ t'>y:^|p](c— St$-a-rc*$^F l c 
co«a^^#i±<£0 3 9 tc^-r. S 3 9 (CS^t-J;5?S?i 

Sim^^tCJc^SS^^-Ktt THa 1 f-V^X-r-;/ 

THa 1 f - V^X-r -y5^>i^^:— tCOViT«, ^ 
Ba^cTD" Ha 1 f-V^X'f -y5^>i7'^:— KFLC 

D" , m4:6mmm<^m^m^m-^mmmnm^mm. 

1 9 9 9^3^. mi 3 1 6H. *5J;t>'§lie.C»" 

m3^m^ 9 osfci^L^^. 

[0 2 7 0] 03 9 (C^^n-Sct-ptC. ;i05ct5^C?Sg| 
[0 2 7 1] /Jii, 0 3 3*3j;aci|3 9 (c^-TJc^Actm 



[0 2 7 2] (HSg^iij 9 ) 

[0 2 7 3] ^^BjODAC^fflt/^fcTi'T^^' h ij 

BJ© D A C ^ffl 7 T- 1- h U i7 XS¥##:S^ 
[0 2 7 4] ZO^oti^mi^^miZit. \iy'^tl?^ 
^'XT'l/'f. :^t*^^-->^ >, A-y >H:i 

UE) UEii^mi^n^. ^tie.(D-^j<&0 2 3*3j;r^ 

0 2 4 \Z7P.t„ 

[0 2 7 5] 02 3 (A) \t-yuyvm.fu^Jx.i;^- 
*#:i 0 0 0 1. y^^^-:f-^v^)'p7M^m- 
'^WhM 1 0 0 0 2 (fi^«e<)fc«jg^«^s«) . it 

JUl 0 0 0 3, 1 0 0 0 4, Xi7iJ-> 1 0 0 0 

5T«fi£^nTl'i^o fS.ii. 02 3 (A) \Z\-i.. ^^W- 

Wmw^ 1 ':>U^Thhjfi-y uyv •:tu~yjLi;^—t}^m 

\z^n'en^m^^^) m.^]Lhj:iii\z^-ox. .ioBi 
• ^mmoyyaybmyui^jL^^^Mmr^^ 

[0 2 7 6] 02 3 (B) «UT^:/Pvxi'^-Ta& 
1 0 0 0 6«*#:, 1 0 0 0 7tt7i7x^7'T|-'J 
/7X^^#^«5^SBT35 0 . 1 0 0 0 8 ttTtJUT-^ 
0> 1 0 0 0 9«U 71/^7^-, 100 10«Xi7U — 
yx$>^o fiii. 02 3 (B) fCtt. T^T^-i'yvhiJ 
^XMit^^#:**SB^3fli (R, G, BW3t(C^tl^ 

[0 2 7 7] 024 (A) \m^n.mx$> 0 , 1 1 

0 0 1, ^Ptiiil^ 1 1 0 0 2, ^PXtl^ 1100 

3, 7i'7^i':/-7hUi7X^i##^^^SBl 1 0 0 

4. rnV^T.^ y^^l 1 0 0 5, T>5=-:?-l 1 0 0 6T« 

[0 2 7 8] 02 4 (B) «t*5^^:^>^^.T^0, 

1 2 0 0 1, 7^7 7^^ h U ^XS¥^#:«^gB 1 

2 0 0 2, W^A^JSRI 2 0 0 3, illfPX-r y^l 2 0 
0 4, A'-y-f U- 1 2 0 0 5, S^g|5 1 2 0 0 6 Tfilfi^ 

[0 2 7 9] 02 4 (C) «^:A*-r;i^a>tfi-:J'-C* 

0, *#: 13001, ;'J^^g|5 13002, SfifegP 1 3 
0 0 3, glf^X-f -y^^-l 3 0 04, 7 i'T'^ h^J i' 

7.m^mt^^^mmi 300 s-citfiK^^a^o 

[0 2 8 0] 02 4 (D) tS'N-y KV'7> hx^X^l/ 
-TTSO. d'-y;>S^5^^a<i:feV^5. *#140 0 

1 . T^y'^Zf-^h U i7X^^14#<*:«^gB 1 4 0 0 2 

[0 2 8 1] 02 4 (F) m^mm) x$> 
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0. 5 0 0 1. Ti^^^Zf-^h'Ji'Xm^^mi^^ 

*Stt 15002, 15003, iei&!«#: 1 5 0 0 4, 
i^f^X-f -y^^l 5 0 0 5, T>5^-tl 5 0 0 6Tmi$.-^ 

[0 2 8 2] mmm i o ) 

[0 2 8 3] :^mmm\zidi^xiit. ^^m<DDXAmi^ 

[0 2 8 4] *|li!i60lJ{'*5liT«, 012 (A) (DiKM 

[0 2 8 5] mm7tm<Dmmxmmji^rzi=>. -aiz. 
A^mnm%^rz\tmmnm^'p\zii\.^x 5oo~9 6 

0"C (ftSMtCttS 5 0~6 5 or) (7)SS-r4~2 4 

B$m©in^ms^*pxT#fflK->ua>m4 0 0 3o«g 

[0 2 8 6] ^(Dm. mmTtm^yy^uy^r^fctb 
5o *^)6g^^jo«-&, JUp^^astsMs^HmfffcADy 



(::(iHCl, HF. NF3, HBr, C 1 2. C 1 F3, 
BC,l2> F2. ^ X im(D)\Ufy^^t^{\L^mti^^m. 

*lliS^J(C*5l.^T«, 0 2*J;0^HC 1 #H^T9 5 0 

*CTfTV\ mm<m(Dmm.izmm\zy>y:S'uy^ya-ii 
[0 2 8 7] ^(Dm. f-y-mmm^Mt^. *jisg 

tLt^^^o\zL'tz, 

[0 2 8 8] ^(D^(DJLn\Z-0\^^X\t. Il)5fi0!l 2 

[0 2 8 9] 2js:||^g0■ycOf^SXg^CJ:oT^#e.tlfcTF 
TOiRftt^rJitT®^ 1 \Z5n-t. 
[0 2 9 0] 
[Si] 



iyw=6.8/7.6 [unQ 


Nch 


Pch 


Ion QiA] 


227 


913 


Io£f[pA] 


3.10 


11.8 


Ion/Ibff[dec.] 


7.86 


6.89 


vth[yi 


0.44 


-0.56 


S vahie [V/dec.] 


0.08 


0.10 


MFE(majO [cnf A^s] 


314 


131 


*uFE(ma:0 [cmVVs] 


425 


262 



[0 2 9 1] SltCtJl^Tti, L/W (5^^:^JUS/5^ 

\^-MW) , Ion {:tynm . loff {^ymM) , 

Ion/ I off (:t>m8iE<i::^-7«8SiOJt0^ffl»Sfc5: 
to^cfcO) , Vth (b^Viffite) , Svalue (S 
fi) , ^/FE (ft^^a^^ftS) ^SLTl^-i., fi*, 
*En;^t-r)VifcfcCD«, L= 5 0 MiniLitTFTCOM F 

[0 2 9 2] ;i;iT, E13 0 1C, ^^Jg^jrof^fiiigtc 

=fcoTf#5nyiTFT!Kf'l4<^^7:7^*T. a3 0(C*5 



[0 2 9 3] (HJg^aj 1 1 ) 

[0 2 9 4] *||Jg^Jt::*5t,>T«. 4:ttiilA7jtf^SJLfc 
*^?BC9DAC (8k*>vh) ^£'tT^7:^-7^-i' 

[0 2 9 5] Tfao*2{CH, *m®A;5tf^iSLfc*^ 
^ODAC (8f-;/h) ^Wr^Ti75"-f >^-7hUi^X 

[0 2 9 6] 
[«2] 
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Display diagonal size 


z*o mcnes 


Number of pixels 


1 oon Y 1 0RO 

i7^U X lUOVI 


loxei size 




Aperture ratio 


*rD7t7 


inpui aaia 


R hit 


Pnwer siiwnlv rLx)fiic^ 


5 V 


Input digital data rates 


80 MHz 


Frequency of data driver 


10 MHz 


Frequency of scan driver 


8.1 KHz 


Addressing mode 


Column inversion 


Contrast ratio 


>100 



[0 2 9 7] Ui^. S2 tCiJtt^data driver*5j;a^"sca 
n driver^, ttl^en. y-xm#^ffi»)lH]K, f-h 

— K (Addressing mode) tLT. 'J ySMM. 

[0 2 9 8] 03 1 {Ctt, *lgJg«?!lTtKBJ-r^*%?«0 
D A C Srff-r '5Ti7x-i':/-7hU;^7. 

[0 2 9 9] Sfe, S3 2{C«, *SIM««JTltt?«-r-5>* 

M«aJ9<lr#SS$nfcV^, 
[0 3 0 0] 0 3 l*3J;t;J0 3 2{C«t^i. :*:5!BJ©D 

[0 3 0 1] (HM^aJ 1 2) 2^|gSS^Jtc*3ViT«, im 

c hTFTi:'r>/\*-i5'[iISS?:1ffiXT^Pc hTFT*5 
cfctKNc hTFTtd^lBl— S«±{CJ^^$tl^Ci:^5^ 

[0 3 0 2] 034 (A) (C^ol/iT. S^S 1 6 0 0 1 

So *ll)!fg^JT«5^aiS^ffit'^:fco ^(7DS«16 00 
1 OTFTfgfi£S®(Ctt. S«l 6 0 0 l*^e<;5^M!i5 

&«i£l»<YcJ6{c. S?{l:->'Ja>lii. ^{t->'J=3»^$ 
fett^{tS{l:->U 3 »JS;^tt*(7)TlteM 1 6 0 0 2 <Sr}Kfi£ 
•rSo ^JxtS. T'^XVCVDffiTS iH4, NH3. N 
20A^e,f^ti$nS®E{tS{t->U=i>M«r 1 0 0 nm, 

M^2 0 0 nmCDJ¥$(C^BJ^RK-r?). 

[ 0 3 0 3 ] 2 0~ 1 5 0 nm (»SL< «3 0 

-8 0 nm) OJP3-C#^SK4f3g^Wr-5¥Sf*Ml 6 



0 0 3 a^. 7'^X-7CVDte^X/1->i5'ffi;it*0^ft] 
Ttfe^ 1 6 0 0 2 <h#^^K-> U a >M 1 6 0 0 3 

Vj<^t.im^t.fiKi. f^sa-rsTFT©4$i4/N-5>;/^ 

^L.^Vifflttffi©^ft^{SM$-B:-5)^i*^T'^S (0 3 
4 (A) ) o 

[0 3 0 4] ^LT. ^»]®,^^a{tft^B€r^$fflLT#^^ 
K->Un>flil 6 0 0 3 a75^e,^^SK->'J3»!il 6 0 
0 3 b^JgfiXf-So 0'J;^«, 1/-- «f-iKS{k?*^f^lSft 

- 1 3 0 6 5 2^^I>fBTr^5^^nfcS^l5lc^^eo 

T, ^JKx:^$rfflV^S^^<tffiT'Jg^BK->Ua>^l 6 

0 0 3 b<lrJ^fiRbfc. ^^{t<73XgtC5feS:oT, 
->U=i>Mc^-^fl"7tcsg»f'fcJ:S:*^« 4 0 0~5 0 0'C 

TiB?frtgss®gii!ia*fTvv ■^WTkigft^satomsgiy. 

SM->U=i>Si<»)9^ (2^SI]5S««J-C«5 4 nm) 
1~1 5%eSM^>-rs (0 3 4 (B) ) „ 
[0 3 0 5] ^LT. ii£^K->Ua>flMl 6 0 0 3 bS: 
St»i('/'^5'->:::>ybT. 1 6 0 0 4- 

1 6 0 0 7^?^fiXt-S« ^©ft> y^X-^CVDffiSfc 
«X/'?->'^fe{Cd;0 5 0~ 1 5 0 nmCD)l^©^-ft:>-U 
=i>litCct.5VXi'H 1 6 0 0 B^Jg^TS (0 3 4 

(C) ) o :*:|ISg«^JT«, -7X^7)1 1 6 0 0 80ff$tt 
19 9 nrnif So 

[0 3 0 6] -ebTUvX hVXi7 1 6 0 0 9 ^SrlStt, 
n -V- ^^l/S T F T <&}^fiR-r S C t i: S fti^^^**:)! 
16004—16007 CD±ffiJC 1X1016~5X10 



(25) 



#^¥12-341125 



1 7atoms/cni3ga«i8ST P S$r{^f■^T^^M^^7^;^ t 
LT^iHoy (B) ^r^Jn-r-S. .1C07J^D> (B) W^JP 

thX'^^o ^:iX(D:!iia> (b) mMtti^-fLhiii-^ 

Xitfif^-^ (0 3 4 (D) ) o 
[0 3 0 7] K^-r/N'^cD^i!jlElg&©n^r^;U^TF 

#j7C^^St^*#<*:B 16010~16012 tuSS^fit) 
(C^ip-r-So ^(Dfzib. &'E>i^Ctt>\yi^7.h-7Xi7 1 6 

0 13-16016 ^J^fiRt-^o nS€:##T^^*i£i» 
Tt^chLTtt. U> (P) ^at^ (As) <&ffll^n«^ 

<, :i;i-ettU> (P) 2r^Jin-r'^<< y^7.y^> 

(PH3) S:ffll.ifc<^>K-7'ffi^jilBLfc, 
tlfc^Mtlffi^ 1 6 0 1 7 , 1 6 0 1 8«U > (P) 
Stt2 X 1 0 16~5 X 1 0 1 Satoms/cmSo^SHtftl 

1 6 0 1 7~ 1 6 0 1 9tC-&Stl-g>nS$:{^4T'5^M 

m7tm<Dmmt: (n-) tsr. s/c, ^FM^^^^ie 
X'$>K). ^.(Dmmzhmcm&x'uy (p) ^muat^ 

(0 3 5 (A) ) » Uv'X h-7Xi7 16 0 13 

~ 1 6 0 1 6^^s-r-5. 

[0 3 0 8] '^\Z. ■^T.^m 1 6 0 0 8S:7-y^;^C<*:{C 
ckO^SLfc^. 03 4 (D) ^10 3 5 (A) T^iPL 

mnmW^X 500~600'CT1~4 RtfflW^MS 
->-7 1/— t)-*-^ (&g:2 4 8 nm) if-mM.m 

x\%. v-^—^<DW^-^W(k\i-h.\zim,\^xm\'^. 
^m.nmk 5 ~ 5 o h z . 1 0 o ~ 5 0 

O m J / c m2 1 X^XW^ t*- A =7 v T^fJ^ 
Sr8 0~9 8%-e^^-r^;i<i:{3J:oTStt*»«:)l*^ 

[0 3 0 9] ^UT. -ir-h^fejiJiil 6 0 2 O^&^^X 
■7C VDffiS;tttX/'?-y^ffiSrffll.^T 1 0~ 1 5 0 nm 

2 0 nm(D;?$TS?{tg{t->Ua»R€rJ^^-rs. y- 

^^flliSiLTfflt^Tfc^^^ (03 5 (B) ) . 

[0 3 10] y-hffi1SSrJ^^-r?)fc«6lC|gl« 
#«Ji*^M-r^, CC0^1©#llHtt¥BTJ^B)cLT 

(A) 1 6 0 2 1 iL'^mm-^ik^m 



(B) 1 6 0 2 2 (B) 1 

6 0 2 2«^>:$';i^ (Ta) . 5^^> (T i ) . ^^-f 
"ry (Mo) . ^>^Xx-> (W) 75'>e.g«nyt7C;*. 

^tJitfc^^BM (ft*e<)(;:ttMo-w^^M£fc«Mo 
-Ta^^M) TJKfiXTtl«^<. (A) 16 0 

2 Ht^it^S'y^JV (TaN) . ^{trJ' >^X5^> (W 
N) , gft5^^'> (T i N) AM, ^{t:^ Uyx> (Mo 
N) T-mt-^o S fc, (A) 1 6 0 2 1 ttf^# 

(B) 1 6 0 2 2«{Sffitn:{tSr0-g.fc«e)(C-&Wt-^^iiSfi 

(W) «®?^jft^^ 3 0 p p mJ^.TiT'S) ;i 2 0 M 

[0 3 11] (A) 16021 «10~50nm 

(^fSL<tt2 0~3 0 nm) tL. (B) 16 

0 2 2«2 0 0~4 0 0 nm (»SL<tt2 5 0~35 
Onm) <h-rn«^V^, *|g)5g^JT«. (A) 1 
6 0 2 1 tCS 0 nmCO;¥$CDS{t:37>iS'Jl/M€r. 

(B) 1 6 0 2 2 tC«3 5 0 nm®T aMSrffll^ V^f 

X\%. X/1'7^'ffl«>:^X(7)A r (CjgftCDXe^K r $rJ!lP 

(A) 1 6 0 2 1 ®T(C2~2 0 nm@S©;»ST'J > 
(P) 2: h*-XLfc->U:3>M<&JK^LT*3< C.h^'^ 

mfLn±.t.mm±^m^b.'mmz. mmm (a) 

(B) timmz^^t^y)\/ti'i^m7tmif'f 

-h^e^Ml 6 0 2 0 }rl£ffi(-r^CD^I»<*::i:55JT-^^ 
(03 5 (C) ) , 

[0312]i):{C« 1 6 0 2 3~1 6 0 

2 7 i&J^fiXb. #«J1 (A) 1 6 0 2 1 iiMnm (B) 

1 6 0 2 2i^— gTX-y^>i/LTy'-hfl:@l 6 0 

2 8- 1 6 0 3 1 i#»gH^ 1 6 0 3 2 ^J^^KT^o f 

— vmm 16028-16031 t^ssass l 6 o 3 2 

«> #IIH (A) 16028a~16032a 
i9«H (B) 16028 b~16032b 

#©|g»)lilS&^iii5K-r^TFTOy'-h««il 6 0 2 8 

— 1 6 0 3 0 \tP^Wi^^WL 16017. 16018 CO— 

gpi, y-h^;iiMi 6 0 2 o^rn-LTfiifS^cfc^tc?^ 

fiXr^ (03 5 (D) ) o 
[0 3 13] ^Jk\^X. K^'f/N'COP^^-vt-JVSTFT© 

^^-^T-S^MtlTCSg^&^flp-r^Xg^rff 3o 

y-hMl 6 0 2 S^Sr-^X^iLT. geS^M 
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Td^}gfiK$n-5fIJ^«UvX hVT.i' 1 6 0 3 3 TffiS 
LT*3<„ -^UT. v#^> (B2H6) ^fflt^fc'r:t> 

\'--yWir'^mmm i e o 3 4 ^rj^^Lfc. 

«/}^P> (B) «attt3x 1 O20~3 X 1 021atoms/c 

fc^MtiM® 1 6 0 3 4\z^^n^pm^H^r^^m. 
!^ytm<Dmm^ (p++) t&r mse (a) ) . 

[0 3 14] iktC. N^r*;i/STFTlCi3ViT, V- 

fl^fig^ffofco l/vT. hCOVXi^ 1 6 0 3 5~ 1 6 0 3 

16038~16042 ^Jgfig b^c. 7 
:*-7.7^> (PH3) ^fflV^7t-r:t>K-y)£TfTV^, 
ZL<Dmm(DU > (P) ?Sft^& 1 X 1 0 20~ 1 X 1 0 21at 

6038~1604 2 H-&Sn-5NM^{^# 

-r^^m^Ttmo^mm^ (n+) tsr (0 3 6 

(B) ) „ 

[0315] 1 6 0 3 8 ~ 1 6 0 4 2 

mzmnurmm^nt^u > (p) $fc«^a> (b) 

(P) *^^JB$n^©T, Bf|lSTm*P^tlfcU > 
(P) *;^ctt7j^n> (B) ©]^Stt#^;^j:<Tfc^v^, 

sfc, ^Mtiti^i 6 0 3 8ic^j!]a$n;tu > (p) m 
m\tmio (A) T^jp$nfe/i^p> (b) ms.(Di/ 

[0 3 16] -^-LT, ili^gPOn^-^'^^l'STFTOL 
D Dffi^&Jg^-r -5 n S ^{Tf-^-r ^^Mi^^iP<0 
Igi£rff:3feo ^ClTtty- h«ffil 6 0 3 1 ^VX^^ 
i: L T S BS^M t' n M ^f^-%^-r ^ ^M#I7C^ -r :t > 

K-yffiT'^*pT^o m*D-r^u> (p) <Dmm\tix 

1 0 16~5 X 1 0 ISatoms/cmSx'^O, 03 5 (A) *5 
=t0^ia3 6 (A) <i:E13 6 (B) T^JpT^^M^ItE^ 

#lM«1 6 0 4 3, 1 6 0 4 4(Z)i2*-/0^J^^$n-5. 
ilffl»'t'-e«. :i©^Mi^fI^ 1 6 0 4 3, 1 6 0 44(C 
■&Sn^n^^#4--r^^M#l7c;^©iSS€: (n-) i 
ST (0 3 6 (C) ) o 

[0 3 17] rciT. y- hMODT a(7)tf-U >i^^ 
(K±-r^;tJ6(C)lPBlM<i:bTS i ONffi^Sr2 0 0 nm 

[0 3 18] -^-cDf^, ^n^etKDms.-r^mM-^nfznM 
t.rziitpmm^t^^m^7tm=^ts^itt^rz!!b\zm 

(RTAffi) T-fT3^t;0^T€-5, ^CT«7r-^-7> 
lppmiilT> »*L<«0. 1 p pmi&tT«S^#H 

^'t'T4 0 o~8 0 ox:, f<s«a<){3«5 0 o~6 0 or 



^aa^ffofco s«i 6 0 0 1 tcE^a«©ct^ 

^cWl^tt$r^-r-2)fec7)^figfflb/i«^tC«, 8 0 0t:T 

is^Mt)7t;5g*i^jip $ ntt^wmmM, t^^ ^-)vmi$.m 
mt0m'^^^mzmf$.-r^ztf)^-c^^o r^is. ±m 

m^mi$.brzm-^\z\t. ^(DmmmiE>nu\^^m-^A^& 

[0 3 19] ^0^5!La{C*Dl.iT, ';r-hfl:«il6 02 

8-1 6 0 3 1 ii^mmm i e o 3 2 m^r^^mm 1 

6028b~16032btt, 5 ~ 8 0 n mCO 

m-^x^omm\zmw.m (o i6028c~i603 

2 c Ami$.-^n^o m^iti. mnm (b) i e o 2 8 b 
-1 6 0 3 2 h^^iS'yifx^y (w) (Dm-^\z\%mt^ 
yif7.7-y (WN) *^*jg^$n. ^>5';u (Ta) ®« 

^\Z\tmti^y^)V (TaN) $r»fS-r^;ii:>O^T# 
-Sc ^ fe. m-n.m (O 16028c~16032c 

X*V#HM(cy— hMl 6028-1603 1 RW^^ 

M«ii 6 0 3 2^mhx%nm\zm^t^z.t.f}^-^^ 

-5, $e.fC, 3-1 0 0%«7K^€r^O#ffl^'t'T. 3 
0 0-4 5 O'CTl-l 2B$W®^«iLa$:fft.\ 

iKMit C/vX-TtcJ^OSIiiesn/iTKi^^fflii-S) ^fr 
[0 3 2 0] #^K->Urj>M*^?.felj 

:)(c'j> (P) \z^^fv^^)y!fY^m^mmr^ 

^mm^. fv9')y'f\Z'!6Ws.')y (p) 

03 6 (B) TJg^L-fcTPM'^ffiJSc (n+) tlllSaT 

*f3, ^^-r:%m^n^^m\L-xM(Dmim\z^yi . n 

5^ ^ JU^ T F T*3 ^ p 5" -V ^--Jl^^ T F T O 5^ -V ^ 

tz (0 3 6 (D) ) o 
[0 3 2 1] mi 16045 « 500-1 

5 0 0 nm<75P$Tmft:->U n>M^rcttl!{kg{t:->U 

j^fiK kntz'j - xM^K s fc « K u- >?ii^ {car ^ :3 > 

y— XiE«Sl 6 0 4 6- 1 6 0 

4 9 t. h' U-i y^m. 16050-16053 ^J^fKT 
^ (113 7 (A) ) o 0^LTti;^j:li75i, *II)5S01JT« 
CKOUffi^r. TiM€r2 0 0 nm, S i Sr-aCJTJUSzi 
■^AMSOOnm. T i M 1 0 0 nmS-X/t-;/ ^'ffi-ca 
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[0 3 2 2] :JKiZ. nyzy^—->3 >Ml6054<hL 
T> ^{t->U:3>M. ®?{t;->Ua>M. Sfc«S{tlE{t 
->Un>]K<?r5 0~5 0 0 nm (f^^MtrHl 0 0~3 
OOnm) ©P^TfJg^fS. *SISg^JS343ViTtt, /I 
->'>'^-->3 >1^1 6 0 5 4«^ft->Ua>]K5 0 nm 
i:^ft:i/Ur3>M2 4. 5 nm,i:CD«»M<i: Lfe. ;i® 

6 nfc, «!1JA«. 3~1 0 0%O7K*$r 
■&ty|?fflM4'T> 3 0 0~4 5 OrT 1 ~ 1 2B#Pb1<D|^ 

•r-2){4MIC45l^iT. /'?-y->'^-->3 >M 1 6 0 5 4tC§l 
□ g|5^?KfiKLT*3V^T=bAt,i (0 3 7 (A) ) „ 

[0 3 2 3] ^(Dm. mmmm^^^u^mzmmmmm 

16055^:1. 0~1. 5 /^mCOW^tCJg^f W 

^K-r-S (03 7 (B) ) o 

[0 3 2 4] i^^mmX'if:f^y^-^h')i':^lit. Ti 
MSr 1 0 0 nmtCJ^^L. ^CDf^A 1 <hT i 
3 0 0 nmlCj^fiXL, MtCT i 1 0 0 nmJg^K bfc 

3»^ijgt-r^. 

[0 3 2 5] ^(Dm. mmmmt^>bu^m3mmmmm 

160595:1. 0~1. 5 w m®i¥$ tCJ^fiKT^o W 

^-f ycOTt^U'f 5 F^rfflV^ 3 0 O'CT^^LTJgfiXL 

[0 3 2 6] ^LT. ^2BFB^*fe^Ml 6 0 5 5*5J:yC 
^ 3 H^*ei^M 1 6 0 5 9 h* U-f >i2«a 1 6 0 5 3 (C 

mr^=i>^^ mmnmi e o 6 o 

^m!$.-r^o ^%m(Dmmmi&^Si^mmiziii^^xit. 
mmmmi e o e otcai To^c5a^«eM^ffli^ 

-5, (03 7 (B) ) „ 
[0 3 2 7] :ioLXm-mm.±lZ. IgidHl^TFTi 

x^^o mW]mmz\tp'^^^-)vmTFT 1 e i o i . 

^lCDn5^-V^;U^TFT 1 6 1 0 2 . m 2 (Dn^^- ^- 
;i/STFT 1 6 1 0 3> iij^g|?tI«ja^TFT 1 6 10 
4, «jt#fil 6 1 0 Sfimfii^tlX^^^ (0 3 8) , 

^mmmxi,t^'^±c(D^ot£m^^7 ^y"^ y-r b u 

[0 3 2 8] 'A\Z. ±fH©xatCj;^Tf^ffil$nfc7i' 
[0 3 2 9] m3 8(D^m(^7^7-'iZf-^h')^X&W. 



tcEiRiM 1 6 0 6 1 ^mfS.t^o ^mmmxit. ei\^m 

1 6 0 6 1 tCtt;l^'J-1'5 F^rfflt^fCo 'AiZ. S^^&W.^ 

mMt^o Miiimmt, ;^^xaffii e o e 2, mmm 
mm^'bu?>M[^mmi e 0 e 3. simmi e 0 e 4i 
xmi$.^n^o 

[0 3 3 0] 7S*5, i^mmmxit. m\^m\zit. 
\z^n. m^B^f-T!}i$>^-&(D-:/u^)VhM^t^-oX^ 

[0 3 3 1] Jif2<Z)XS^«7t7i7 7^^' FU 

^ 7.mmLi^m&mt^<i^^(D±)m^i:mizj:-ox. 

^t>-ti-^. ^©ft, il5X1S®Wt::?«a 1 6 0 6 5 2:ffiA 

L, (H^-ar-f) ^zJ:^x^^izii±-t^o cto 
0 3 8 fcs^-r J; ^);^j;SjlSjKa*S^Sa*^^fiK-r 

•So 

[0 3 3 2] tti3:^mmmxii. mmmm^B^m&mti^ 

TN (^y-fXF) F(C<J;oT^5K^fT5ct5tcL 

[0 3 3 3] ^9)Is]8S«p5^-v^)1/^TFT 16 10 1 
tcfi, &tt¥»#:B 1 6 0 0 4iZ^^'^)im^M8 0 
6, y-XM^8 0 7 a> 8 0 7 b. FU--f>M^8 0 
8a, 8 0 8 b€:*UTVi^o IBl©n5'-V^;l'^TF 

T 1 6 1 0 2 mik^mi$-m i e o o 5 ic^^-v^ju 

J^fiXM«8 0 9. y—hmUl 6 0 7 1 i:a;^!:SLDD 
M«8 10 Z.<D^vttLDDfMm^Lo\tm 
■t) . y-Xffi^8 1 1. FU'-r>M^8 1 2<£:WbT 
li^. ;i<7)LovfI^(7)?-\':^;P:g;^(p]®ft$«0. 5~ 

3. 0 wm. $f SL< «1 . 0~1. 5 /im<i:Lfc„ ^ 
2©n5=--V^;i'STFT 1 6 1 0 3{C«, 

1 6 0 0 6t'5^-v4^>il/JgfiRM^8 1 3. hDUmmS 1 

4. 8 15. y— Xfl^8 16. F U-r >fli^ 8 1 7 S: 

6 0 7 2 ta/ie)?"j;ViLDDfI^ (ii(l^. c:oj;5:^L 
DDM«^Loffi:ie-r) iL-Amm-^tl. ^(DLotmm 
O^-\'^;US:^fr6]®S^«0. 3~2. Owm, 
<(i0. 5~1. 5 wmTib^. iS^TFT 1 6 1 0 4 

icti. 1 6 0 0 7 \z^^^)im^mm8 1 

8. 8 19. LoffflJSES 2 0~8 2 3. y-XSAc« 
FU-f >«^8 2 4~8 2 6<&WLTli-5o Loffffl^ 
©5^-\'^-.Jl/S:^fD]®S^ttO. 5~3. OMm. ff^L 
<til. 5~2. 5wmT$i-5. ^fz. ili^TFT16 
1 0 405=--\'^-.;>}K^?I*S8 1 8, 8 19iIi]^TFT 
©LDDM«T'^-5Loff?I«8 2 0~8 2 3 iWWtC 
tt. :t7-b-yhfl«c (05^-l±T) fjWfSL-^tlX^^^o ^ 
^(C. 1 6 0 7 4 t. y- FiisejiM 1 6 0 2 0 

H^TFTl 6 0 7 3(DFU'r>ffi 

m8 2 6 \zmf^L. ns^{^#-r-5^M#i7c^*t^ap^ 
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ntc^mi^w 8 2 7 iit^iEy^mm-m i e i o 5-/)mf&-^ 

H3 8-e«iii^TFT 1 6 1 0 4$r^^:/;i'y 

[0 3 3 4] &.±<Dmiz:$immm\zt5\,^xit. mmrF 

T^TFT(73ltjt<&*jfift:L> M^S^SBcDSjfPtttg 
[0 3 3 5] fiiJ. 2^|gi^#lJt43liTtt®jl^®ffi^* 

[0 3 3 6] (HM^Jl 3) *Slffi^jTtt. *IS^eMCD 
D/A^ll^lEli^^ffll/^TEL (Xl/i7 hD;|/5:^>>-t:> 

X) m^mm^f^mii^rzmiz-^^^xmm-r^. 

[0 3 3 7] 04 0 (A) (±*iS5!BJ^fflViytEL^^ 

mm(D±mmx'$>^o 040 (a) (c*5ViT, 1451 

0 14 5 11 ttH^gP, 14 5 12 «V-7.#J 

iEft[Hl{iS. 14 5 1 3tty- hWftlDB&TfeO, ^tl 
^'n®|gl!)IilSSttiS«8 14514~14516 ^^STF 

PC 1 4 5 1 7(c5i9, ^ms^^tmm-^n^, 
[0 3 3 8] :i(Dt^. {}>r£<thmm^. »$l<« 

ffittlHlS&&yCilj^g|5^HOJ;5{CbT;^A'-l!j 1 6 5 0 
0, ->-'J>i^« (/N'i'v'>^«i:t>li3) 17 50 

0. m-t^ im2(D'>—u>ifm 1750 D^j^iatte. 

[0 3 3 9] Sfc. 04 0 (B) tt*jlM^JcDEL*5^ 

g«®Wrffl1f jtirab 0 > i 4 5 1 0 , TiftlK 14 5 
2 1 ®±tClSitl[ilg&fflTFT (fiL, ^irTttn^^-v^ 
T F T i p ^ -V T F T ^m.^-^io'^fci C M O 

SlH]gS€r0^LTV^^o ) 1 4 5 2 2 RnqH^gPffl T F 

T 1 4 5 2 3 miy. :i:ix-j,tEhm^^conM^um 

T^TFTfctt0S^LT^iSo ) yO^J^fig^tlTl^-S). ;i 
n?.®TFTtti;ittOltjt (h-v^'Sr-N^ifiSfc^^ 

[0 3 4 0] 2|s:lS5!BJSrfflliTSKl!jIllSSfflTFT 1 4 5 
2 2, lii^aSfflTFT 1 4 5 2 3*^^fiXLfc?., 
^stTTS^BrBTO^M (^fiftlK) 1 4 5 2 6 0±tciiim 

spfflTFTi4523«h*i/-r> tm^mzm^f^m 
( I Totp?«n^) ^tz\tmit^ yi^'^h.t.mifs.m 

4 5 2 7 <£j^^«Ufc5., ^fii^!^ 1 4 5 2 S^J^figb, ili 
^tt® 1 4 5 2 7±fCMPg|5^fl^fiXT-5 = 

[0 3 4 1] EL)il4529 <l:^figt'^o E L 

B 1 4 5 2 9«i;jtt(Z)ELW^S^ (IE?LffiAJI, lEaiftjt 



[0 3 4 2] if-MmmX\t.. ->-\' H-V7.i7^ffiV>T^ 
y-^^ii^mmiLti^o ^<nmzh. -a^^B (CC 

M) tti^-y ^ )v^-^m.^^f^^rz:fj^. afe%3t 

[0 3 4 3] ELJil 4 5 2 g&Jg^KLfce., ^©JitC 
l^ffil 4 5 3 0$fl^^-r^» |^1114530tEL]Bl 
4 5 2 9®#H(ri?ffi-r^7K^J-^S?m«®:'jWI^LT*5 
< CiTi^S^ L-l'^. tJEoT, XSS4^T-ELH 1 4 5 2 9 
tl^® 1 4 5 3 0 ?:)iMfiS:M-r -SA^ ELB14529 

3 O^J^fi^rSil'^ofcX^^^'iE^STfe^o *ll]!te^JT 

m^B ^ffl V ^ S d i: T±K!i CO .t 5 ^ Bitg t T ^ , 
[0 3 44] fj:*5, *l^i^0iJT«KM 1 4 5 3 0 t L 
T, L i F {yviV)^^h.) Mi:Al (7;P5->^ 
A) MCO^JWSit^&ffll'^^o :B:#:6<]tCttEL» 1 4 5 2 
9±{C^*)£T1 nmffcDL i F (7 ■;/-ft;U ^>^A) m 
^mb. €-Ci±l:3 0 0 nm/P©T;i'5-':7AJ!i€rJ^ 

l^-TfeSl^o -i^bT^Sl 4530 1453 1 

n^fi«f'*5iiTBa^i 4 5 1 6tc^ift!$ti-5o sa^i 

4 5 16 \t.^W. 1 4 5 3 0 tCffS©ffi|±^4-x. -5^5:46© 
MMM^WkXSbKi. h$j!|54 1 4 5 3 2 5:^ 
LTF PC 14 5 17 tc8liit$n-5o 

[0 3 4 5] 1 4 5 3 1 fCS^$nfefI^(C:feliTl^@l 

4 5 3 0 izWM 14 5 16 1. ^m.m.mztm.-r ^tzii> 
\z. mf^mmm 14526 ^umwrn 14528 tc3> 

-)V(D^m!m) "^mmMr 4 5 2 8©X-y5^>yR# (E 

^tz. wmmi AZ2B,^:^y^y^r^mz. mw\^ 

^Ml 4 5 2 6 ST— JSTX-y?^>i'LTfcfi;l^i. dCO 
Bffi^Sfei^M 1 4 5 2 6 tmmm 1 4 5 2 8 Ti^l^ D 

(Dft^^izii^X^^. 

[0 3 4 6] Z.(D^o\Z\^xmfSL-^nrzE'LM^<n^m 
SrSoT, /1-y>^-->3 >Jil 6 5 0 3, 3te«t* 1 6 



5 0 4. ti^'^—u 1 6 5 0 0 -^mi^.^n^o 

[0 3 4 7] ELm^^^mtSJ:v\ZLT. tf 

A^-«l 6 5 0 Ohmmi 4 5 1 OCOrtffliJtCv—U 

mmn^n. ^6tc>— u>i7^«i 750 ocon-miz 
(^2cDx-u>yw) 1 7 5 0 if)mf^-^n 

[0 3 4 8] :i<Dh^. ^c7)^i*W 1 6 5 0 4t^, tl/"^ 

"Wi 6 5 0 0 ^mmr^tz^cDmmmtLxhmmr 

^*Wl 6 5 0 4 chbTti. PVC (;J^Ut:-j^^ 
p^^F) , X7j^4->/miI&. i/U:n->fflfl&. PVB 

r-tTT^-h) ^ffll^^:ii;0>*T#^o :ico^«Wl6 5 

0 4(D[^a5tC$^j^^J^^ttTfc< c^:. ®S8i*^«^T 

[0 3 4 9] ^Ac. 3feJKMl 6 5 0 4(D^{ZX^—^- 

[0 3 5 0] T.^—^—^m^ffcm'^. A^7v^-v3 
>Mi 6 5 0 3\tx^-'^-&^m^'r^zL^^x^ 

^SfP -r ^«fl&lia;5: ^' ^15 T t> =t I ^ o 
[0 3 5 1] Sfc> ^/^-^ 1 6 5 0 0 i:bTfri. 

TJV^^^^AU. ;^x>l/Xffi> FRP (Fib 
erglass— Reinforced Plast i 
cs) ffi. PVF (#UHxjl/:7jl/:t^-r H) y^>r;i/ 

6 5 0 4<hbTP VB^EVA^flat/i^«^. ^+Mm 
cDT;P^ x^i; AtJ^-Y P V F :7 ^ jl/A^V-f ^- ^ 

jvL.xm/yrcmmo h ^ i^ws b i.^o 

[0 3 5 2] fit-. EL^^^O^^cD^^^fp] (7tcD*5:l^ 

[0 3 5 3] Sfc. Sai^l 4 5 1 6t^v/-U>i7^«l 7 
5 0 0:B^ZS^iiUl 7 5 0 1 chSffi 1 4 5 1 OiiOPt 
P«^^il-^TF P C 1 4 5 1 7 tcM^MtCg^^^n^o Aj: 
^5. :i;iTtiE^l 4 5 1 6\Z^\^^XmmLrc^^. 

SH^145 14. 1 4 b 1 3hmmizLxi^—v>^m 

1 7 5 0 0*5<^a^mrf^f 1 7 5 0 1 COT^ilo T F P C 

14 5 17 izm^mizmm^n^o 
[0 3 5 4] mmm 1 4) ^iiJs^jTts. *is»0^co 
Dz-A^i^iHig&^ffli/^Tiisg^^ji 3^{mti^mm<DE 

L^SgB^f^ML^ci^JtC-SH/iT. 04 1 (A) . 4 1 

(B) ^m\^^xmm'r^o 1140 (a) . 4o (b) t 
mcm^(D^<D\'xm\:^^^^^i^x\^^^(Dxmm\t'^m 

[0 3 5 5] 04 1 (A) {t^mmmcD EL&^mm<D 
±mmx$>D. 04 1 (A) ^A'A^xmrnhfcWimm 

^04 1 (B) tC^To 
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[0 3 5 6] llSS^y 1 3tCfieoT. EL^TO^M^rB 

[0 3 5 7] $^tC, EL^^^«5<J:5tcLT3te«« 
1 6 5 0 4*IS:tt^o ;i<^**«l 6 5 0 4tl. 

«i 6 5 0 o^mm-r^fastxDmmmtLx^mm^ 

^m^ie 5 0 4tLX\t. PVC (:4^Ut:x;P^ 

D^-i-F) . x;}^+>'^s)i&. zyuzj->mm. pvb 

T-t:7=— h) ^fflV^^;i^;0^*T^^o ^CD^*W16 5 

0 4 0!^gptc^ig^j^iattT4o< mmm^^umx 

[0 3 5 8] S/c. 5t«W 1 6 5 0 4(7)4JtCX^— tf- 
S^W$i±TfcJ:l/^o ^C0(h^. X^-' t)-— ^B aOTS 

[0 3 5 9] X^-- tJ— ^^ttfc«^> A-^yv^-S/a 
>M 1 6 5 0 3 ^iX^-it-i±^^fPr ^ ;i 

[0 3 6 0] Sfc. 1 6 5 0 0 chLT^l. 

X1S> TJl/^xr^/AS. X'x>L/Xffi, FRP (Fib 
erglass— Reinforced Plast i 
cs) PVF (4^U tfx;i/y^jl/^^-r F) y'^;!/ 

^^))vy )VJ^^m^^^^t-^^x^^. r^id. ^mui 

6 5 0 4 ^bTP VB^E VA^ffll/^^^-^, ^+/zm 

(7dt;1/^ xr^ATj^-r p V F :7 ^ ;i/A^v-< ^— :7 ^ 

[0 3 6 1] fiU. ELm'¥-^^6<D^^Jj\^ (yt<DmM 

iz^-oxj^t. tj/'^-u 1 6 5 0 of)myt^^m'r 

[0 3 6 2] 'A\Z. 1 6 5 0 4^m^^X:^/^—M 

1 6 5 0 0 ^mmLtcm. 1 6 5 0 4 <Dmm (m 

MB) ^mo^olzyU—Aftl 6 5 0 1 ^^DHn 

37 1/-AW1 6 5 0 »j>^« (mmmtL 
xmm^^) 1 6 5 0 2fCcJ:oT}g«$n^c. ^cd.^ 

i^-U >^W1 6 5 0 2 aiLT^i, 

14W)Jg^ffll/^Tt>^V^o 7^£fe. >^-U>^«1 6 5 0 2 

T ^ ^ fcltTKii'^^m L fj: V S ^ ;i 
a^bl/^o ^fc, >i7'Ml 6 5 0 2<^[^gRfC$?;J^ 

[0 3 6 3] ^Ac. SSMl 4 5 1 6^1v-U >^*J 1 6 
5 0 2 t&Ul 4 5 10 iiCDPtW^ilr^TFPC 1 4 5 
1 7t-«^MfCjgi^^tl^o ZL^l-rtiie^l 4 5 

1 6 \z-:D\,^xm.mLrzf)^. teoisss 14514. 145 

1 5 t>[WI1t{-bTv-U >i7'«l 6 5 0 2C0T^il-:»T 
F P C 1 4 5 1 7 t'ttMMt'JgM^n^o 
[0 3 6 4] (llJg^Jl 5) mmmi Si^^Ul 4CDJ: 
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3 (A) RtA"04 3 (B) T•^^^tjl®^?^Srffl^i^©T- 

[0 3 6 5] 1214 2{r*5l^T. aiS3 5 0 l±tcl9:tte> 
nrzT.'i y^yifmr FT 3 5 0 2tt2^S^e«©NTF 

T^fflv^xm^Fn^ (Hjg^yi-i 2#Bg) . i^njg 

[0 3 6 6] ^fz. mmmmmr FT 3 5 0 3it:$im^ 
m(DNTFT^m^^xmi$.-^n^o z.(Dt^. T.-^vf- 

>^?'fflTFT3502«H^-f >gaS 3 5 \tW^ 3 6 tC 
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>^fflTFT3 5 0 2coy-hmffi3 9a. 3 9b$rSM 

[0 3 6 7] ll^i^, nmMMmTFT 3 b<d 3 
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-So ^(Jifz^. nmMmWiTFT(j:>vv^ym\z. f- 
[0 3 6 8] sfc, i^^mm'^\-mmMmm t f t 3 5 
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J^J^fiSM^^1ft3a:^c5i•f'Jb, f^(Z)S5[lKf<&ii5Vi?a*Tff ^ 

[0 3 6 9] 0 4 3 (A) \Z.7h-t^o\Z. nMU 

ffllfflTFT3 5 0 3<Dy-h€M3 7 t7S^Seigg«3 5 
0 4-C*$n^fI«T-. tt8i!SiJia91fflTFT3 5 0 3«h• 
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5 0 4T^$n^ffi^-rH3>5=>+>-;0^}^fig$n^. 
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«— iaigb*^E15^LTti;il>*^> R (*) . G (#) . 
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Isen, E. Kluge, ff. Kreuder, and E Sprei tzer, "Polymers 
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s, 1999, p. 33-37J ^#FJ¥ 10-92576 ^'ikWiZ^ 
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[0 3 8 2] (.^mm 1 6 ) :^mmmx\t. mmm 1 5 
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nmummr F Trz»x$>^(Dx\ ^«te«iftBj«^iii& 
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[0 3 8 4] *I^S601JT«> iSmfllffi (II®) 5 0 

xmmmmm^m^^^o mwrnzitrnt^yi^OLstm 
yi^OAtmitT^x^KDit-^f^xu^mnm^m^^xh 



[0 3 8 5] ^-bT> fi&mm:Xts.i)/-^yi7 5 1 a. 5 1b 

■/)mm.:^nfzm. mmmifuzj^iojf^^j \i-}\^fi)\'n'j~ 
)\'Xfi^mtm 5 2 ^(D±.\z\%fi u ■i'A 

T-b^jUT-th^-h (a c a c Ki«fS$tl-5) 
^«?ffiAJi5 3, 7;l'=n'i7A^^Tfj:-5>ltS5 4/^»i 

m^^n^. z(Dm-^. ^ms 4ty^^yy^-y3ym 

tLXhmt^t^. ^5 LTELSg^ 3 7 0 17)?J^^$ 
[0 3 8 6] *ie]!(fi«!iJ©«-&. ^^H5 2T^^Lfe7t 

tt. ^^x^-^ J: oizT FT :^mfiii-^nrzmw.<D:f3 
iziPiti^-oXi^m-^ti^. 

[0 3 8 7] 75;*3, *|IM^J(7)1ifiXtt, HSg^J 1 (Z)1«^ 

tz. mmm9 (Dm^Wim(D^^mtLx^mmm(DEL 

[0 3 8 8] mmm 1 7 ) **iffi^jT'«, h 4 3 
(B) izinLrzm^mii\tmf£^mm<r>mmti.rzm'^ 

«f!)tC-aV^TE4 5 (A) ~ (C) iZ^-to U^. *ll 
mm\Zio\^^X. 3 8 0 lttX'ru/5=->i^fflTFT3 8 0 
2©y-XSHSg. 3 8 0 3ttX-f -y^>^fflTFT3 8 
0 2©ir- hBEilg. 3 8 0 4««JtS!l?aifflTFT, 3 8 
0 5 (J3 ^T^^it, 3806, 3808 
3 8 0 7 HEL^^tT-So 

[0 3 8 9] 114 5 (A) a, —-ocDmmmxmm^i^ 
ms 8 0 e^^mtLTzm^o^mx^i^o mt>. — 

3 8 0 6 *4''L^t::^*f?*i/J:^ J: 5 
[0 3 9 0] ^fz. m4 5 (B) tt, 3 8 0 

8 ^y- hEi^3 8 0 3 t^nizmi>nzm'^<Dmx& 

^o gI4 5 (B) XlitMm.W<^f^3 8 0 8 cty— 

hE«8 3 8 0 3 tt)mt£^t£\.^jioizm-frzm}ttti.^ 

iisfeiiilM^:/M.T«^!:-5J;5(Cl9;tt^;ii:t)T CI© 
fl:M«*&«83 8 0 8 .ty- hgH)^3 8 0 3 tXW- 

^mm^^^^-^^^t^^x^^fzti), mm^^^^iz 
Mmmit-r^ctA^x^^. 

[0 3 9 1] ^fz. 04 5 (C) \t. 0 4 5 (B) <D« 
i£t|pHt{C«gfE#ti^i^ 3 8 0 8 ^y- hSHiSa 3 8 0 3 t 

^'p'bizmMi^tti^^o^zmf$.-t^}^iz!^mA^h^o 

^fz. fl:Si£tt^^3 8 0 8?ry-SiEM3 8 0 3CDli-r 

m^. mMm^m(D:i^m.^mibtzi:f}ix^^tz!sb. m 
mm^-^^izmmmit-r^^t-^fj^x^^, 
[0 3 9 2] rm. :^m:mm<^mmt. mmmi. i 3 
sfctti 4(Dmfi^t^^izm.^-^t>i^x^m-t^:iiLf)^ 
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[0 3 9 3] mmmi 8) mmmi 5iZ7nLrzm4: 3 

(A) , 4 3 (B) Ttt«8!f$iJPfflTFT3 5 0 3©y 

- htC*^*^-5)«ffi^«jtT5fci6{Cll>x>-y-3 5 0 4 
^l9:tt-5«jfii:LTV^«.;5^, :3 >5'>-y- 3 5 0 4 i£#f5S 

TFT3503i VX^m.m 1 ~ 1 2 {C:S^-ri p;^C*gS 

xy- hmffitcSTi^ct 5 (ciatt e>nfe l d Dim^m 
(Dm^mm^^ yfy^ 3504 of^*^ 0 1 lt^sw 

[0 3 9 4] ;io^*#a©^i'/t->^7>xtt, ±fEy 

- h «^ i: L D D fl« i: fd; 15 o H« J: o 

[0 3 9 5] ^tz. Sl]^0ijl 7(I^L;t0 4 5 (A) , 

(B) , (C) ©1«jt(Ci5liTfc|5l^(C, r]>7'>-9-3 

8 0 5^&«i&-r^:ii«nltg"r$>^<, 

[0 3 9 6] fj:*3, *IISSf!j0^fiRtt. IIM0>J 1 . 1 3 

CD B^lfifi ^ E L ^ffi V i ^ 31 1 « 

[0 3 9 7] 
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<i; V L fc/h S < L T |SI i; tts :^ V ou t 5> ® 
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[01] *:%?g©DAC (D/A^J^mSS) T^-So 
[0 2] *»B^(DDAC®i()f^*SiB^-r^fcJ6©^ffi 
(D li& *5 <t tK:*: % IB © D A C © m 2r 5^ -r y 5 7 T * -5 0 

[03] :^mM(DDAc<D$,^mmmmr'$>^, 
[04] :^mBM(DDAC(D&^mmmm(Dmi^^mm 

[0 5] 2|s:»gacDDAC^fflV^/tT^7 7^^- h U 

[06] -tl/i7^[HliiSCD«ajT?S-5„ 

[07] ■fel/^:J'lH]gS©^''f 5>^5'-V-hT**o 

[08] :i^mm(DDAc<DSb^mmmmr'h^o 



[0 9] U^)l'i^yi5'^^idJ^ZfTi-a-^X-( -y^m 

[010] y'i?^)l^\^y':t5'—^^Wm^X$>^o 

[011] xi/r5';i't'5^:t^— ^':a-fiJ[Hlli&©^'-f 5> 
hTabs. 

[012] ^^B^WDAC^ffiVi/tT^'xi' >^-V hU 

[013] *5gBjODAC^fflVi;»t7i7xi' :/v hU 

[014] *^BjODACi£ffll/^;^cTi7-7^>r T'-y' hU 

[015] *%BJ(7)DACi&fflVi^cTi75^^' h U 

[016] *^BJ(Z)DAC*fflt/^;tTi77^^' :7'x' 

[017] *%BJ©DAC^ffll/^fcTi'T-i' hU 

[018] 2|s:%BJ(7)DACSrffll/^fc7^;77^-i' -/V hU 

[019] 2|s:»BJ5®DACSrfflVifcTi75^^yvhi; 

[02 0] 2^5!BJ©DAC€rfflVircTi7 7=-^'yy'hU 

[02 1] *:5!BJ©DAC^ffiVifcTi'5=-'i' 7^-7 hU 

[0 2 2] ^^B^CDDAC^m^-^fzTi/T-^ 

[0 2 3] 2^%BJ©DAC^fflVifcTi7 5">(' hU 

[0 2 4] ^^BjWDACSrfflV^TtTi^T^-^-i/ThU 
-& = 

[02 5] m.M(DDACX'&^o 

[02 6] ^MCODACX$)^o 

[02 7] ti£5l5CODACT*)^o 

[02 8] ^MCDDACX$)^o 

[02 9] *%B^ODAC©*^^Mj^«i©T^v^';l/ 

k*x 5^-5^- ^ fr *f f ^ (±1 «1I ^ 5^ L © T- ^ „ 

[03 0] TFT#tt(Di^^7T^^. 

[03 1] :*:5!BJ©DAC&*-r^Ti7 5"^:/-7hU 

[03 2] *5|BjODAC^*T^7^5"^' :/V hU 

[03 3] m[.^\^Mm^mnmM^m^<Dmmm 

[0 3 4] *5!BJ0D A C LifcT^ T-f hU 

[0 3 5] *%BJCDDACi5rffll/ifcTi75=-'i' hU 
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[t^^coiJiBj] 

SWo~SWn-i X-r>;/^ 

ResK Res2 U-fe-yhX-f-y^ 

vh> vl, va. vb mm 

Vout 

Do~Dn-i "f-y^JU^—^ 

c mfir^a 



IfiCDI 



[01] 



Vl 
f- 



1- 



Va 



o- 

Res2 



I I SWi I •••SMW-iT , SWm SW«^il SWn-l] 

4 i i II i—^ i i 



Vh 



Vb 



Raal 



Vout 



:Cl 




[0 18] 



PI K p-1 >rp=r^ p-6 ) jr "p^T""y"&=r 



(A) 



(B3 



5 



(34) 



VL 



Vl 



[0 2] 



Co 


{Oi=<0 


' 

— 


:c 

. — 


y 

Vb g 


-Cl 

iVQ 



Vh 



(A)Uir7M8inil7B> 

Vra 



Co r 


Cl 


^1 ' 


' '»Q^ 

= c 

' IF 1 


y 

Vout 1 


Ql Ca 
ICl 



Vh 




otCVh-VO 



2"-i addnoss 



Vl 



Vl 



[04] 





Co 


(Ci=0) 




h — 'tr^ 
J — 



Vh 



Co 


r Cl 


^1 — ' 


• 

= C 

. 


y 

Vouk fl 


Ql 
:Cl 

■vo 



Vh 




a(VH-VO 



2^-1 address 



[06] 

A1 AO 81 BO 01 C» Dl DO 



[0 7] 



SSI 



W9v 




Out-1 



Out-O 




(35) 



15] 



[0 9] 



CKSP 



vUqo data 
OK 

Roo 



B01 v-;^aQOnDl?lBA 



801-1 i^7hUi?^^ISIia 



Wl-2^y5^SOl 



eoi^-bu^^EiDi 



S01-e -frU^5rHiaJ2 



I 



IBZOKIOBOQO 



802 V— 3lQOaaCJDEII3B 



<: 



LS 



603 




Voot 




(36) 



mio] 



[^12] 



RES 



iCKI 
<40&!IHz) 



8bft dIsEtcl vtdoo data (BOMHi) 



CK2 



CSC3 
C1Q»aH3e) 



SPC 







1^ 




SPC 




SPC 



SPC 



I 1 SPC ) SPC 



SPC 



rTTT TTTl 

Sfalt d^toJ vldoo dato OO&GHz) 
(A) 



CK 



SPC 



H-OL 



L-DL 



rr-i 



H-DL 



L-DL 



rt-DL 



P2 



PI 



CB) 



CA) 



(B) 



(C) 



CD) 



6] 



5 



i 4 i i t 4 •W'-T^xQ 4 i 4 i i 



08013 -J 



4002 D^t'/'Wra 4005 OQSS^JaMn 



4001 



4C04 ^x^caoE 



(A) 

4C04 J?*® KfCK^O^ 4004 




(B> 



4007 4003 4007 4C07 aqqc aqq 



400fl 4007 

i i i i i i p<*xDC£n i ^ 4 i ^ ^ 





4008 T^tam2^^^ 


400S 


WW 













(E) 



[0 2 0] 




i i 4 i i ^ 'M-^-xsi i i i i i 



TOOT 7071 7072 707J T074 



5 



(e) 



(B) 



CMOSDEJ 



TOsacDW 

toaster 



(37) 



i^P^12-341125 



[013] 



[0 14] 



Am Smjl 4010 SttJI 4011 SttJI 



(A) 



4023 4016 4019 . 

40124013 \ 4016 \ 4016 \ \ / ^ 




4013-^4020 : #flttPft«Htli 4021-4024 : HAttlMnHbM 



4039ft^|»|<tm 



4032 4033 



\ 4037 4038S 



4041 



CA) 



4034 4035 



4036, 4M7. 403S : ttSS^HMM 





--4042 








4043 

4045:UUE:|;ttMm (B) 
4048:MMimi« 



4029 r-h9mm mo r-mmm 4031 r-Mwn 



(C) 



, 4(»uvr>ma 



4060 v-xm 




4047 ttlJlKIUUII 



(A) 



(B) 



(C) 



4 I I I I t 9>K--7^X« I 4 I I I 



^ ft3^l«hWigo20(n»yf 




(D) 





OOOB 



8001 M 

8002 mti^nm 

8003 y-KM 

8000 v-xm 

8006 hWi/flWI 



6008 



8007 umA^ummmiimM} 

8008 ^*/l«*flWI 

8009 'f^^A^^Um 

8010 MBWUI 

8011 V— 

8012 Ku-iwa 



(38) 



«Rfr»^^12-341125 



[01 5] 



im 1 9] 



40M saimiran 4009 mzmi 



CA) 

ff4||niUUI 4056 




(C) 



7007 7013 
7003 -V nn J 7004 



7019 TOia 



(A) 




i I i I I I ntemmomm | i i I I 

H H a 




I 4 I I j I .A^mHHUI I 4 ^ j ^ 




70407048 AP^^tKj^0<^7047 
7042 *4« 

7(ffl2 7053 




CMOSBft 



TDOftV-MUUL 



7001 :tt4iL 7Q02:T«UR« 7003^ 7004. TOO&i 

7007. 7ooa« 7008, 701 ajTi cDatftnu 701 1: 

7012.7013, 7014,701 ^2(D9iiSr701ft:L 
702<70ZStl«yxV7;i9^ TOZBv 7029. 7080. 7031: 

7032:ftlP«Mm. 7033. 7087, 704U 7042* 

70M, 7038. 7042. 7048:111 CQ^HMUIKnB). 703fi. 7043:*/-XWUnB). 
7030. T047:»-aHQfattt(fd^ 

i9aat9^C!>^mMm3B>. 7039:v-x«i«(^X 

70»X 7062. 70&3:V-xm. 70S1 . 7054:hv5m 




im2 2] [1112 9] 




9007 KU^r>«M 



(39) 



12-341 125 




(40) 



«F^¥12-341 



[02 6] 

(C+20*- •••+2^* 0+2""^ C) 

— ih 



Cl 
I Vq 



Vout 



Co 



Ci 



VQ 




(C) 



aO/H-VO 



2" -1 address 



[g|3 0] 



\MBrm 




l.OOE-14 



[0 3 9] 




-2 0 2 




1 



(41) <Rf^¥ 12-341 125 

[031] [032] 




[03 3] 
■aiB«t(«.a> 





[03 4] 




(42) 



«l$Ba¥l2-341125 



imS 5] 



♦ ♦♦♦♦♦♦♦♦♦♦ 



illlllM 


w 




J^'""fn^""""^illi:i 


lllllllllllllllllllllllll 


S 




1B017 




16019 




[0 3 6] 

p^f-ria ♦ + ♦♦♦♦♦♦ 




[04 2] 




WmJITFT 1501 



(43) 



<l$Fji¥l2-341125 




[El 3 8] 




[04 4] 




(44) 



i^M¥ 12-34 1125 



[114 0] [^4 1] 






(B) 



(45) 



#M¥12-341125 



m 

lui •«» ans 


4 5] 
mi 


«■ /V 

mt Ox 

6 UII7 




A) 

imJ hp* ism 


ISM 






B) 


P 180 


tola' 

c: 





